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Superantigens  (SAg)  are  potent  inducers  of  T  cell  activation  that  cause 
proliferation  and  massive  cytokine  release.  The  receptors  for  superantigens  on 
antigen-presenting  cells  (APC)  are  major  histocompatibility  (MHC)  class  II 
molecules.  Both  Nef  protein  of  human  immunodeficiency  virus  (HIV)  and 
mouse  mammary  tumor  virus  (MMTV)  SAgs  are  encoded  in  genes  that  overlap 
the  terminal  repeat  at  the  3'  end.  Using  synthetic  peptides,  a  region  was 
identifed  on  the  MMTV-1  SAg,  corresponding  to  residues  76-119,  that 
specifically  binds  to  mouse  MHC  class  II  antigens.  MMTVSAg(76-1 19)  also 
bound  to  and  competed  with  bacterial  superantigens  for  binding  to  MHC  class  II 
peptides,  suggesting  similar  binding  regions  on  class  II.  These  studies  are  the 
first  demonstration  that  retroviral  superantigens  bind  to  MHC  class  II  antigens. 
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A  peptide  corresponding  to  an  internal  region  of  HIV  Net  protein  was 
identified  that  specifically  binds  to  to  human  class  II  antigens.  Nef  protein 
induced  proliferation  of  human  peripheral  blood  mononuclear  cells  (PBMC)  in 
85-90%  of  the  HIV-negative  donors  tested.  Nef  stimulation  required  APC,  and 
did  not  require  processing.  Interleukin  2  and  gamma  interferon  were  produced 
in  Nef-stimulated  cultures.  These  results  strongly  suggest  that  Nef  acts  like  a 
retroviral  SAg  that  stimulates  CD4+  T  cells. 

Activated  T  cells  are  required  for  HIV  replication.  The  role  of  Nef  in  HIV 
pathogenesis  was  investigated  by  treating  PBMC  with  Nef  prior  to  in  vitro 
infection  with  HIV.  Significant  levels  of  infection  were  found  in  these  cultures, 
as  compared  to  unstimulated  controls.  Nef-stimulated  T  cells  were  found  to 
express  T  cell  activation  markers.  Inactivated  HIV-infected  cells  were  capable 
of  inducing  proliferation  in  autologous  fresh  PBMC,  and  proliferation  was 
significantly  reduced  by  anti-Nef  antibodies.  These  results  indicate  that  Nef  is 
expressed  on  the  surface  of  infected  T  cells,  possibly  in  the  context  of  class  II 
antigens,  and  as  such,  Nef  can  activate  a  cellular  reservoir  in  an  paracrine 
fashion  for  continual  viral  replication.  Thus,  Nef  is  an  HIV-encoded  SAg-like 
mitogen  that  promotes  HIV  replication  in  T  cells.  As  such,  Nef  is  probabaly  an 
HIV  virulence  factor. 
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CHAPTER  I 
INTRODUCTION 


Overview 

A  novel  class  of  antigens  called  superantigens  has  recently  been 
characterized.  Unlike  conventional  antigens,  which  stimulate  approximately  1 
in  10,000  cells,  superantigens  can  induce  the  proliferation  and  activation  of  as 
many  as  1  in  5  T  cells  (Johnson  et  al.,  1991).  The  staphylococcal  enterotoxins, 
prototypic  of  this  class  of  antigens,  are  among  the  most  potent  inducers  of  T  cell 
proliferation,  and  are  effective  at  concentrations  as  low  as  10"16  m  (Langford  et 
al.,  1978a). 

Major  differences  exist  between  conventional  antigens  and 
superantigens.  Superantigens  exert  their  effects  as  whole  molecules  and  do 
not  require  processing  by  antigen  presenting  cells  for  T  cell  recognition. 
Although  superantigens  require  MHC  class  II  molecules,  they  bind  at  site(s) 
outside  the  peptide  antigen  binding  groove  (Russell  et  al.,  1990;  Dellabonna  et 
al.,  1990).  Superantigens  presented  in  the  context  of  MHC  class  II  molecules 
are  recognized  by  the  variable  region  of  the  p  chain  (Vp)  of  the  T  cell  receptor. 
Only  T  cells  that  express  T  cell  receptors  with  specific  Vp  regions  will  be 
activated  by  a  given  superantigen.  For  example,  toxic  shock  syndrome  toxin-1 
activates  only  Vp2-bearing  human  T  cells  (Abe  et  al.,  1992)  and  staphylococcal 
enterotoxin  A  activates  several  Vps  on  human  T  cells,  including  Vp5  and  Vpl2, 
(Kappler  et  al.,  1989).  Thus,  T  cell  responses  to  superantigens  are  said  to  be 
Vp-specific. 
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T  cell  activation  by  superantigens  results  in  massive  proliferation  of  Vp- 
specific  T  cells.  Concomitant  with  proliferation  is  prodigious  production  of 
cytokines,  in  particular  interleukin  2  and  gamma  interferon  (IFNy).  Such 
responses  can  be  detrimental  to  the  host,  as  is  the  case  with  food  poisoning 
which  occurs  upon  ingestion  of  staphylococcal  enterotoxin-laden  food 
(Bergdoll,  1985).  As  an  eventual  consequence  of  superantigen  activation,  T 
cells  can  become  unresponsive  to  further  stimulation  (anergy)  or  undergo 
programmed  cell  death  (apoptosis)  (Kawabe  and  Ochi,  1990,  1991;  Rellahan  et 
al.,  1990).  Thus,  the  fate  of  T  cells  activated  by  superantigen  differs  from  that  of 
cells  activated  by  conventional  antigens,  with  the  possible  consequence  of  loss 
of  immune  function. 

Superantigens  are  produced  by  a  number  of  microorganisms,  ranging  from 
bacteria  to  viruses.  The  prototypic  bacterial  superantigens  are  the  enterotoxins 
produced  by  Staphylococcus  aureus  (Table  I).  Staphylococcal  enterotoxin  A 
(SEA)  is  the  most  common  cause  of  food  poisoning,  and  its  superantigen 
effects  on  immunocytes  have  been  implicated  in  the  syndrome  of  short-term 
nausea,  fever,  and  diarrhea  that  are  symptomatic  of  food  poisoning  (Bergdoll, 
1985;  Johnson  and  Magazine,  1988).  Another  staphylococcal  enterotoxin,  toxic 
shock  syndrome  toxin-1  (TSST-1),  is  produced  during  infection  and  its 
superantigenic  effects  result  in  toxic  shock  syndrome  (Bergdoll,  1985).  Other 
bacterial  sources  of  superantigens  are  the  group  A  streptococci,  which  produce 
pyrogenic  exotoxins  that  have  been  implicated  in  psoriasis  (Kotzin  et  al.,  1993) 
and  rheumatic  heart  disease  (Lewis  et  al.,  1993).  Superantigens  may  also  be 
involved  in  tuberculosis  (Ohmen  et  al.,  1994)  and  Reiter's  syndrome  (Uchiyama 
et  al.,  1993).  One  species  of  mycoplasma,  M.  arthiditis,  has  been  shown  to 
produce  a  superantigen  that  may  be  involved  in  arthritis  (Cole  and  Griffiths, 
1993). 
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Table  I. 

List  of  bacterial  superantigens  implicated  in  disease. 


Organism 


Prototype: 

Staphylococcus  aureus 


(?) 

Group  A  streptococci 


Mycoplasma  arthitidis 
Mycobacterium  tuberculosis 
Yersinia  pestis 

Clostridium  perfringens 


Superantigenic 
Protein 


Disease/Effect3 


Staphylococcal  enterotoxins 

Enterotoxins  Food  poisoning 

Toxic  shock 
Kawasaki's 

disease  (?)D 
Multiple  sclerosis 


Pyrogenic  exotoxins 


T-cell  mitogen 
Not  identified 
Not  identified 

Exotoxin 


Psoriasis  (?) 
Rheumatic  heart 

disease  (?) 
Arthritis  (?) 
Tuberculosis  (?) 
Reiter's  syndrome 
Reactive  arthritis 
Sudden  infant  death 

syndrome  (?) 


aJohnson  et  al.,  1995. 

^Denotes  diseases  in  which  superantigens  have  been  implicated,  but  no  direct 
evidence  is  available. 
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Like  their  bacterial  counterparts,  viruses  produce  superantigens  that 
have  been  implicated  in  pathogenic  processes  (Table  II).  The  prototypic  viral 
superantigen  is  that  produced  by  the  oncornavirus,  mouse  mammary  tumor 
virus  (MMTV)  (Marrack  et  al.,  1991;  Frankel  et  al.,  1991 ;  Woodland  et  al.,  1991; 
Dyson  et  al.,  1991).  The  Gag  protein  of  mouse  leukemia  virus,  the  causative 
agent  of  mouse  acquired  immunodeficiency  syndrome  (MAIDS),  has  been 
shown  to  possess  superantigenic  properties  (Hugin  et  al.,  1991).  A 
superantigen  has  been  implicated  in  the  pathogenesis  of  rabies  virus  (Lafon  et 
al.,  1992)  and  recently  the  superantigenic  viral  component  has  been  identified 
as  the  nucleocapsid  protein  (Lafon  et  al.,  1994).  It  has  been  suggested  that 
human  immunodeficiency  virus  (HIV)  encodes  for  a  superantigen  that  may,  at 
least  in  part,  be  responsible  for  the  immunopathogenesis  associated  with 
infection  (Laurence  et  al.,  1992).  Recent  evidence  points  to  a  superantigen 
encoded  by  human  cytomegalovirus  (CMV)  that  expands  specific  Vp-bearing  T 
cells,  thereby  enhancing  HIV  replication  in  CMV/HIV-infected  individuals 
(Dobrescu  et  al.,  1995).  Although  several  reports  suggest  that  other  viruses, 
such  as  Epstein-Barr  virus  and  human  foamy  virus,  encode  for  superantigens, 
to  date  no  hard  evidence  has  been  obtained. 

The  possible  harmful  consequences  of  activation  by  superantigens  make 
this  class  of  molecules  relevant  to  human  disease.  The  prodigious  expansion 
of  T  cells  having  diverse  specificities  may  be  important  in  the  induction  and 
establishment  of  autoimmunity.  Concomitant  cytokine  production  may  also 
have  deleterious  effects.  The  potential  for  loss  of  immune  function  via 
mechansisms  such  as  anergy  or  apoptosis  can  also  result  in  immunodeficiency 
diseases.  Superantigens  have  been  shown  to  be  encoded  by  retroviruses, 
suggesting  that  they  may  play  a  role  in  the  syndrome  associated  with  human 
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Table  II. 

List  of  viral  superantigens  implicated  in  disease. 


Virus 

(Family  or  Subfamily) 


Superantigenic 
Protein 


Disease/Effect3 


Prototype:  Superantigen 

Mouse  mammary  tumor  virus 

(oncornavirus) 
Mouse  leukemia  virus 

(oncornavirus) 
Human  immunodeficiency  virus 

(lentivirus) 
Human  foamy  virus 
(?)b 

(spumavirus) 
Rabies 

(rhabdovirus) 
Epstein-Barr  virus 

(?) 

(herpesvirus) 

Cytomegalovirus 
(herpesvirus) 


from  Mouse  Mammary  Tumor  Virus 

vsag  gene  product       Mammary  tumors 


Gag  protein 


Not  identified 


Nucleocapsid 


Not  identified 


Not  identified 


Murine  AIDS 


AIDS 


bel3  gene  product        Grave's  disease 


Rabies 

B  cell  lymphoma 

Chronic  fatigue 
syndrome  (?) 

Enhanced  HIV 
replication 


aJohnson  et  al.  1995. 

DDenotes  diseases  in  which  superantigens  have  been  implicated,  but  no  direct 
evidence  is  available. 
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immunodeficiency  virus.  Thus,  superantigens  may  be  involved  in  disease 
processes  and,  as  such,  can  be  classified  as  virulence  factors. 

Bacterial  Superantigens 

In  the  1970s,  staphylococcal  enterotoxins  were  recognized  as  inducers 
of  lymphocyte  proliferation  (Peavy  et  al.,  1970).  Responses  to  staphylococcal 
enterotoxin  A  (SEA)  stimulation  were  shown  to  be  T  cell  specific  (Johnson  and 
Bukovic,  1975),  with  high  levels  of  gamma  interferon  (IFNy)  produced  by  this 
lymphocyte  fraction  (Langford  et  al.,  1978a).  SEA  was  shown  to  have 
mitogenic  effects  on  human  lymphocytes  at  extremely  low  concentrations, 
making  it  one  of  the  most  potent  T  cell  activators  known  (Langford  et  al.,  1978a). 
The  ability  to  produce  large  quantities  of  IFNy  using  SEA  paved  the  way  for  the 
characterization  of  the  key  immunomodulatory  properties  of  this  cytokine 
(Johnson,  1985).  Interestingly,  intravenous  administration  of  SEA  to  mice 
resulted  in  the  induction  of  suppressor  cell  activity  that  was  present  in  spleen  as 
early  as  24  hours  after  injection  (Johnson,  1981;  Torres  et  al.,  1982).  SEA- 
induced  suppressor  cells  were  capable  of  blocking  naive  spleen  cells  from 
responding  to  SEA  stimulation.  Thus,  SEA  was  shown  to  stimulate  T  cells  to 
proliferate  and  produce  cytokines,  and  to  induce  suppressor  cell  activity. 

Further  investigations  on  the  interaction  of  bacterial  enterotoxins  with 
human  lymphocytes  revealed  that  antigen-presenting  cells  are  required  for 
proliferative  effects  and  that  binding  to  major  histocompatibility  (MHC)  class  II 
antigens  occurred  (Carlsson  et  al.,  1988;  Fleischer  and  Schrezenmeier,  1988; 
Mollick  et  al.,  1989).  Unlike  most  antigens  which  interact  with  MHC  class  II 
molecules  as  peptides,  the  staphylococal  enterotoxins  were  shown  to  bind  in 
an  unprocessed  form  (Fleischer  and  Schrezenmeier,  1988).    The  site  of 
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interaction  of  enterotoxins  on  the  MHC  class  II  molecule  was  shown  to  be 
distinct  from  conventional  antigens  in  that  binding  occurs  distal  to  the  peptide 
antigen  binding  groove  (Russell  et  al.,  1990;  Dellabonna  et  al.,  1990).  Thus, 
this  class  of  antigens  differs  significantly  from  classic  antigens  and  were  given 
the  designation  of  superantigens  (Marrack  and  Kappler,  1990). 

The  study  of  staphylococcal  enterotoxins  has  led  to  a  wealth  of 
information  on  the  interaction  of  superantigens  with  MHC  class  II  molecules. 
Through  the  use  of  synthetic  peptides,  regions  of  interaction  of  SEA  and  MHC 
class  II  antigens  have  been  identified.  Regions  on  the  SEA  molecule  that  are 
involved  in  binding  to  MHC  class  II  molecules  on  antigen  presenting  cells 
include  the  N-terminus  and  three  internal  sequences  (Griggs  et  al.,  1992).  A 
peptide  corresponding  to  the  N-terminus  of  SEA,  SEA(1-45),  blocked 
proliferation  of  cells  in  response  to  whole  native  SEA  (Pontzer  et  al.,  1990). 
Interestingly,  a  peptide  corresponding  to  another  of  these  MHC  class  ll-binding 
regions,  SEA(121-149),  has  agonist  properties  in  that  it  induces  cytokine 
production  (Pontzer  et  al.,  1993)  and  proliferation  (A.C.  Hobeika,  personal 
communication).  Conversely,  sites  on  MHC  class  II  molecules  which  bind 
superantigens  have  been  identified.  Regions  on  mouse  MHC  class  II 
molecules  that  interact  with  SEA  have  been  identified  and  include  the  a-helical 
region  of  the  p  chain  associated  with  the  peptide  binding  groove  encompassed 
by  amino  acids  65-85  (Russell  et  al.,  1991).  A  similar  site  has  been  found  on 
human  MHC  class  II  antigens  (Herman  et  al.,  1991).  A  superantigen-binding 
region  on  the  a  helical  region  of  the  a  chain  associated  with  the  peptide  binding 
groove  of  MHC  class  II  has  also  been  defined  (Russell  et  al.,  1991).  Both  of 
these  binding  sites  reside  outside  of  the  peptide  binding  groove  and  are 
required  for  SEA-induced  mitogenesis.  Thus  the  two  outside  faces  of  the  a 
helices  of  the  peptide  binding  groove  are  involved  in  binding  of  SEA. 
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Presentation  of  superantigen  in  the  context  of  MHC  class  II  molecules  is 
required  for  interaction  with  T  cell  receptor  (TCR).  For  this  reason  superantigen 
sites  that  interact  with  TCR  have  been  more  difficult  to  elucidate.  However, 
through  the  use  of  synthetic  peptides,  a  TCR  site  that  interacts  with  SEA  has 
been  identified.  A  peptide  corresponding  to  residues  57-77  of  mouse  Vp3 
blocked  SEA-induced  proliferation  and  IFNy  production  (Pontzer  et  al.,  1992). 
Vp3-bearing  mouse  T  cells  are  known  to  be  stimulated  by  SEA.  Future  studies 
may  help  determine  the  sequences  involved  in  the  formation  of  the  ternary 
complex  of  superantigen:MHC:TCR.  Such  studies  are  needed  to  determine 
how  superantigens  activate  T  cells  bearing  specific  Vps  and  induce  anergy  and 
deletion  of  these  Vp  subsets. 


Retroviruses 

Retroviruses  belong  to  a  family  of  viruses  that  are  characterized  by  the 
use  of  a  unique  RNA-dependent  DNA  polymerase,  reverse  transcriptase. 
Reverse  transcriptase,  in  conjunction  with  another  virally-encoded  enzyme, 
RNAse  H,  transcribes  the  single-stranded  RNA  genome  into  a  double-stranded 
linear  DNA  provirus.  This  DNA  intermediate  is  then  capable  of  integrating  into 
the  host  genome.  Retroviruses  were  first  described  in  studies  in  which  cell-free 
filtered  extracts  were  shown  to  transmit  sarcoma  to  chickens  (Rous  1910,  191 1). 
Since  that  time,  retroviruses  have  been  found  in  several  vertebrates  including 
mice,  cats,  and  primates.  The  first  human  retrovirus  to  be  discovered  was 
human  foamy  virus,  which  has  been  speculated  to  cause  disease  (Achong  et 
al.,  1971),  although  definitive  proof  of  pathogenicity  is  lacking.  In  1980,  the 
causative  agent  of  adult  T-cell  leukemia  was  discovered,  human  T-cell 
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leukemia  virus  (Poiesz  et  al.,  1980;  Yoshida  et  al.,  1982),  and  established  this 
family  of  viruses  as  human  pathogens. 

The  retrovirus  family  consists  of  three  subgroups  based  on  similar 
pathogenicities:  oncornaviruses,  lentiviruses,  and  spumaviruses. 
Spumaviruses  or  foamy  viruses  are  the  least  characterized  of  the  three 
subfamilies  of  retroviruses,  and  have  been  grouped  according  to  their  ability  to 
cause  vacuolation  of  infected  cells  in  vitro,  which  gives  the  cells  a  "foamy" 
appearance.  Spumaviruses  have  been  found  in  primates  and  humans,  and  are 
generally  considered  benign,  although  data  suggest  these  viruses  may  play  a 
role  in  human  disease.  Oncornaviruses  are  tumor-causing  retroviruses,  and 
members  of  this  subfamily  include  the  avian  leukosis-sarcoma  viruses,  mouse 
mammary  tumor  virus,  feline  leukemia  virus,  and  human  T-cell  leukemia  virus. 
As  a  result  of  proviral  integration  into  the  host  genome,  tumors  arise  by 
upregulation  of  host  genes  that  encode  for  growth  factors  or  by  retroviral- 
encoded  oncogenes. 

Viruses  belonging  to  the  lentiviral  subfamily  include  the  "slow"  viruses 
maedi/visna  and  equine  infectious  anemia  virus.  More  recently,  the  viruses  that 
cause  human  and  feline  acquired  immundeofiency  syndromes  have  been 
classified  as  lentiviruses,  based  on  several  parameters  including  genomic 
complexity  and  virion  morphology.  Unlike  oncornaviruses,  lentiviruses  have 
not  been  implicated  directly  in  causing  neoplastic  disease.  Members  of  the 
lentiviral  subfamily  cause  long-term  disease  characterized  by  autoimmunity, 
encephalopathy,  immunodeficiency,  or  a  combination  thereof.  Lentiviruses  are 
considerably  more  complex  than  some  of  the  other  retroviral  subfamilies,  in  that 
the  level  of  gene  regulation  is  much  greater. 
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Mouse  Mammary  Tumor  Virus  Superantiaen 

The  first  viral  superantigens  to  be  described  are  the  proteins  encoded  by 
the  open  reading  frame  that  overlaps  the  3'  long  terminal  repeat  of  the 
oncornavirus,  mouse  mammary  tumor  virus  (MMTV)  (Marrack  et  al.,  1991; 
Frankel  et  al.,  1991;  Woodland  et  al.,  1991;  Dyson  et  al.,  1991).  Although 
MMTV  superantigens  were  recognized  in  the  1990s,  they  were  originally 
described  by  Festenstein  in  the  early  1970s  as  minor  lymphocyte  stimulating 
(mis)  antigens  (Festenstein,  1973).  The  ability  of  T  cells  from  certain  mouse 
strains  to  be  stimulated  by  lymphocytes  from  MHC-identical  strains  was 
ascribed  by  Festenstein  to  the  presence  of  mis  antigens.  More  recently,  mis 
antigens  were  found  to  be  endogenous  superantigens  from  germline-encoded 
MMTV  provirus  (Choi  et  al.,  1991;  Acha-Orbea  et  al.,  1991).  Like  their  bacterial 
counterparts,  MMTV  superantigens  are  thought  to  be  presented  in  the  context  of 
MHC  class  II  antigens.  MMTV  superantigens  are  known  to  stimulate  T  cells  in  a 
Vp-specific  fashion  (Acha-Orbea  and  Palmer,  1991).  MMTV  superantigens 
show  MHC  preference,  with  more  efficient  presentation  occurring  in  the  context 
of  l-E  as  opposed  to  l-A,  although  presentation  by  l-A  does  occur  (MacDonald  et 
al.,  1989).  Interestingly,  this  MHC  preference  corresponds  with  the  greater 
infectivity  of  B  cells  bearing  l-E  (Held  et  al.,  1994b). 

MMTV  is  a  type  B  retrovirus  that  was  determined  to  be  the  causative 
agent  for  the  induction  and  transmission  of  mammary  carcinomas  in  mice 
(Heston  et  al.,  1945).  It  has  been  known  for  several  years  that  infectivity  by 
MMTV  requires  an  intact  immune  system  (Tsubura  et  al.,  1988),  and  only 
recently  has  this  paradox  been  explained  (Held  et  al.,  1993,  1994a). 
Transmission  of  MMTV  to  offspring  can  occur  via  infectious  virions  in  mother's 
milk  or  can  occur  vertically  as  endogenous  provirus.  Most  mouse  strains  have 
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been  shown  to  contain  one  or  more  copies  of  endogenous  MMTV,  and  many 
contain  distinct  MMTV  strains  (Salmons  and  Gunzburg,  1987).  Upon  passage 
into  the  gut  of  the  host,  virus  enters  the  gut-associated  immune  tissue  and 
infects  B  cells.  B  cells  then  express  the  MMTV-encoded  superantigen, 
presumably  in  the  context  of  class  II  antigens,  causing  Vp-specific  T  cell 
stimulation.  Although  investigators  have  been  able  to  show  that  actual  infection 
of  T  cells  occurs,  it  is  thought  that  T  cell  stimulation  and  subsequent  cytokine 
production  by  these  cells  indirectly  enhances  the  further  infection  of  B  cells 
(Held  et  al.,  1994a).  Infected  B  cells  migrate  to  the  main  site  of  viral  infection, 
the  mammary  gland.  Epithelial  cells  then  become  infected  and  are  the  source 
of  infectious  virions  that  are  transmitted  in  milk  (Ringold,  1983).  Proviral 
integration  can  occur  during  infection  of  mammary  epithelial  cells,  resulting  in 
tumors. 

Germline-encoded  MMTV  serves  an  important  protective  mechanism  for 
the  host.  It  is  known  that  bacterial  superantigens  can  cause  anergy  and/or 
deletion  of  Vp-specific  T  cells  (Johnson  et  al.,  1992).  Similarly,  expression  of 
MMTV  superantigen  early  in  the  ontogeny  of  the  immune  system  induces  the 
eventual  deletion  of  T  cells  bearing  Vps  specific  for  that  particular  strain  of 
MMTV  superantigen.  In  this  manner,  T  cells  that  would  otherwise  be  stimulated 
are  lost  and  the  host  is  protected  against  subsequent  infection  by  MMTV  strains 
that  stimulate  those  Vp-specific  T  cell  populations.  This  has  been  shown  in 
mice  transgenic  for  a  MMTV  superantigen  that  stimulates  Vp14+  T  cells 
(Golovkina  et  al.,  1992;  Acha-Orbea,  1991a).  Transgenic  mice  showed  partial 
to  complete  deletion  of  Vpl4+  T  cells,  depending  on  the  level  of  superantigen 
expression.  Those  mice  in  which  Vpi4+  T  cells  were  deleted  were 
subsequently  protected  from  infection  upon  challenge  with  the  same  MMTV 
strain. 
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Evidence  for  a  Superantiaen  Associated  with  Human  Immundeficiencv  Virus 

In  the  early  1980s,  unusual  incidences  of  young  homosexual  males 
stricken  with  Pneumocystis  carinii  pneumonia  and  Kaposi's  sarcoma  were 
reported  to  the  Centers  foe  Disease  Control.  These  reports  led  to  the  first 
description  of  acquired  immunodeficiency  syndrome  (AIDS).  Subsequently, 
similar  immunodeficiency-associated  illnesses  were  reported  among 
hemophiliacs,  recipients  of  blood  and  blood  components,  and  intravenous  drug 
users  and  their  heterosexual  partners.  The  incidence  of  AIDS  in  these  distinct 
populations  was  suggestive  of  an  infectious  agent,  and  this  was  confirmed 
when,  in  1984,  human  immunodeficiency  virus  (HIV)  was  isolated  from  the 
blood  of  an  AIDS  patient  (Klatzmann  et  al.,  1984;  Gallo  et  al.,  1984).  With  the 
advent  of  diagnostic  assays,  the  number  of  infected  individuals  was  found  to 
exceed  the  number  of  patients  afflicted  with  AIDS,  indicative  of  a  serious 
epidemic.  The  number  of  deaths  is  expected  to  increase,  as  asymptomatic  HIV- 
infected  individuals  progress  to  AIDS. 

HIV  is  a  member  of  the  lentivirus  subfamily  of  retroviruses.  Infection  with 
HIV  is  associated  with  a  debilitating  and  eventually  fatal  immunodeficiency.  In 
addition  to  immunologic  impairment,  neurological  dysfunctions  can  occur, 
including  encephalopathies,  sleep  disorders,  and  dementia  (the  latter  is  also 
referred  to  as  HIV-associated  cognitive/motor  complex). 

The  size  of  the  HIV  genome  is  approximately  9.8  kbases.  The  genome 
encodes  for  a  total  of  16  proteins,  some  of  which  are  post-translationally 
cleaved  by  either  cellular  or  viral  proteases.  The  primary  HIV  transcript  is  gag- 
pol  mRNA,  which  is  translated  to  yield  Gag  (group  antigen)  and  Pol 
(polymerase).  Synthesis  of  Gag-Pol  occurs  at  a  ratio  of  20:1  (Oroszlan  and 
Luftig,  1990).   Gag  is  proteolytically  cleaved  by  a  viral-encoded  protease, 
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yielding  5  distinct  proteins.  Cleavage  of  Pol  results  in  2  proteins,  one  of  which  is 
reverse  transcriptase.  Two  envelope  (Env)  proteins  are  the  cleavage  products 
from  an  initial  Env  precursor.  In  this  case,  the  precursor  is  cleaved  by  a  cellular 
protease.  Two  regulatory  proteins,  Tat  (transactivator)  and  Rev  (regulator  for 
viral  expression)  are  translated  from  multiply-spliced  mRNA  transcripts. 

One  putative  regulatory  protein,  Nef  (negative  factor)  is  encoded  by  a 
gene  that  overlaps  the  terminal  repeat  at  the  3'  end  of  the  HIV  genome.  It  was 
initially  named  based  on  its  apparent  negative  effects  on  viral  transcription  and 
replication  in  vitro  (Terwillegar  et  al,  1986).  However,  subsequent  reports  have 
been  conflicting,  and  have  suggested  that  Nef  has  no  effect  (Hammes  et  al., 
1989)  or  a  positive  effect  (DeRonde  et  al.,  1992)  on  HIV  transcription.  Such 
widely  disparate  Nef  effects  may,  in  part,  be  explained  by  the  fact  that  several 
immortalized  human  T  cell  lines  and  primary  human  lymphocytes  were  used  in 
these  studies.  These  data  may  reflect  inherent  differences  in  primary  cells  and 
cell  lines,  such  as  activation  signals.  Data  from  studies  on  Nef-transfected  T 
cells  suggest  that  Nef  may  play  a  role  in  down-regulation  of  the  CD4  molecule 
(Garcia  and  Miller,  1991;  Mariani  and  Skowronski,  1993). 

HIV-1  Nef  is  a  25-27K  protein  and  is  myristylated  at  the  N-terminus. 
Myristylation  is  thought  to  be  a  mechanism  by  which  Nef  associates  with  the 
cytoplasmic  membrane  (Franchini  et  al.,  1986;  Guy  et  al.,  1987).  Nef  primarily 
localizes  to  the  cytoplasm  (Franchini  et  al.,  1986)  but  has  been  shown  to  be 
present  on  the  surface  of  infected  cells  (Fujii  et  al.,  1993).  Antibodies  to  Nef 
appear  early  in  HIV-infected  individuals  (Allan  et  al.,  1985)  and  cytotoxic  T 
lymphocyte  activity  has  been  detected  against  cells  presenting  Nef  peptides 
(Bahraoui  et  al.,  1990).  These  data  confirm  that  Nef  is  expressed  during  active 
HIV  infection. 
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A  hallmark  of  infection  with  HIV  is  the  alteration  of  CD4/CD8  T  cell  ratios 
due  to  loss  of  CD4+  T  helper  cells.  Such  losses  ultimately  result  in  the  inability 
of  an  infected  individual  to  mount  effective  immune  responses  against 
opportunistic  infections,  thus  resulting  in  death.  Several  possible  mechanisms 
by  which  CD4  loss  occurs  have  been  postulated,  including  direct  cytolysis  by 
HIV  (Lemaitre  et  al.,  1990),  HIV-induced  syncitia  formation  (Lifson  et  al.,  1986; 
Sodroski  et  al.,  1986)  and/or  cytolytic  T  cell  activity  against  infected  CD4  cells 
(Zinkernagel  and  Hentgartner,  1994).  In  addition  to  skewing  of  the  CD4/CD8 
ratios,  other  immunologic  alterations  seen  in  HIV-infected  individuals  include 
polyclonal  activation  of  B  cells  with  increased  immunoglobulin  production  and 
reduced  antigen  and  mitogen  responses  (Edelman  and  Zolla-Pazner,  1989). 
Initial  increased  natural  killer  cell  activity  is  observed  in  asymptomatic  HIV- 
infected  individuals,  but  these  activities  decrease  during  disease  progression 
(Edelman  and  Zolla-Pazner,  1989). 

Because  of  the  known  induction  of  T  cell  anergy  and/or  deletion  by 
superantigens  (Johnson  et  al.,  1992),  it  has  been  speculated  that  the  HIV 
genome  encodes  for  a  superantigen  that  may  cause  some  of  the 
immunopathologies  observed  with  AIDS.  Upon  interaction  with  MHC  class  II 
antigens  and  TCR,  Vp-specific  T  cell  populations  would  be  activated  and 
expand,  eventually  leading  to  functional  (anergy)  or  actual  (deletion)  loss  of  T 
cells.  Several  points  of  evidence  suggest  a  role  for  an  HIV-derived 
superantigen.  Although  initial  studies  suggested  that  AIDS  patients  had 
deletions  in  Vp  T  cell  populations  (Imberti  et  al.,  1991),  such  deletions  could  not 
be  found  by  others  (Laurence  et  al.,  1992).  Vpl2+  T  cells  were  shown  to 
support  enhanced  replication  of  HIV  compared  to  other  Vp  subsets  and 
proliferated  in  response  to  cells  from  HIV+  patients,  suggesting  the  presence  of 
a  superantigen  (Laurence  et  al.,  1992).  Asymptomatic  patients  exhibit  altered 
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Vp  profiles  (Dalgleish  et  al.,  1992)  as  well  as  skewed  T  cell  Vp  usage  upon 
stimulation  with  staphylococcal  enterotoxins  in  vitro  (Bisset  et  al.,  1993). 
Interestingly,  one  study  found  skewed  Vp  T  cell  profiles  in  monozygotic  twins 
that  were  discordant  for  HIV  infection,  with  perturbations  in  several  Vps  (Rebai 
et  al.,  1994).  This  last  study  is  of  particular  importance  in  that  the  altered  Vp 
profiles  in  infected  individuals  cannot  be  ascribed  to  differences  in  MHC,  since 
only  identical  twins  were  used.  Thus,  these  studies  hint  at  the  presence  of  a 
superantigen  encoded  by  HIV  that  may  play  a  role  in  HIV  pathogenesis  by 
augmenting  a  population  of  T  cells,  resulting  in  a  reservoir  for  virus  replication, 
with  eventual  deletion  of  those  T  cells. 


CHAPTER  II 

MMTV  SUPERANTIGEN  BINDING  TO  MHC  CLASS  II  ANTIGENS 

Introduction 

SEA  is  one  of  the  most  potent  T-cell  mitogens  known,  and  has  been 
classified  as  a  bacterial  superantigen  based  on  its  ability  to  stimulate  V(3- 
specific  T-cell  subsets  (Johnson  et  al.,  1991).  Concurrent  with  studies  on  SEA, 
minor  lymphocyte  stimulating  (mis)  antigens  have  recently  been  shown  to  be 
products  of  MMTV  (Choi  et  al.,  1991;  Acha-Orbea  et  al.,  1991).  Two  exogenous 
strains  of  MMTV  encode  for  retroviral  superantigens  in  genes  that  overlap  the 
terminal  repeat  at  the  3'  end  of  the  viral  genome  (Pullen  et  al.,  1992;  Choi  et  al., 
1992).  These  genes  have  been  designated  vsag,  denoting  that  they  encode  for 
viral  superantigens  (Marrack  and  Kappler,  1990).  No  direct  binding  of  the 
putative  MMTV  superantigen  to  either  MHC  antigens  or  TCR  has  been  shown. 
To  determine  sites  that  interact  with  class  II  MHC  antigens,  overlapping 
synthetic  peptides  were  synthesized  that  encompass  the  putative  extracellular 
domain  of  MMTV-1  superantigen.  The  data  presented  here  indicate  that  a  site 
that  is  encompassed  by  amino  acid  residues  76-119  of  MMTV-1  superantigen 
competes  with  SEA  for  binding  to  class  II  MHC  antigens.  Further,  direct  binding 
studies  show  that  this  region  of  the  MMTV  superantigen  binds  directly  to  class  II 
MHC  antigens.  These  data  indicate  that  SEA  and  MMTV  superantigen  share  at 
least  one  common  binding  region  on  class  II  MHC  molecules. 
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Materials  and  Methods 

Synthetic  Peptides 

Overlapping  peptides  corresponding  to  the  putative  extracellular  domain 
of  the  MMTV-1  vSAg  protein  (Pullen  et  ai.,  1992)  were  synthesized  with  a 
Biosearch  9500AT  automated  peptide  synthesizer  using  N-(9- 
flurenyl)methoxycarbonyl  chemistry  (Griggs  et  al.,  1992).  Peptides  were 
synthesized  based  on  a  surface  profile  which  uses  a  composite  of  three 
parameters:  1)  HPLC  hydophilicity;  2)  accessibility;  and  3)  segmental  mobility 
(B  value)  (Parker  et  al.,  1986).  The  sequences  of  the  peptides  are  listed  in 
Table  III.  Peptides  were  cleaved  from  the  resins  using  trifluoroacetic  acid/ 
ethanedithiol/  thioanisole/  anisole  at  a  ratio  of  90:3:5:2.  The  cleaved  peptides 
were  then  extracted  in  ether  and  ethyl  acetate  and  subsequently  dissolved  in 
water  and  lyophilized.  Peptides  were  extensively  dialyzed  against  water  to 
remove  the  remaining  cleavage  products.  Amino  acid  analysis  of  the  peptides 
showed  that  the  amino  acid  contents  and  molecular  weights  corresponded 
closely  to  theoretical  values.  Peptides  were  not  purified  further  since  reverse 
phase  HPLC  analysis  of  crude  peptides  indicated  one  major  peak  in  each 
profile. 

Cell  Lines  and  Reagents 

The  A20  cell  line  (ATCC,  Gaithersburg,  MD)  was  used  for  MMTV 
superantigen  binding  studies.  A20  cells  are  a  BALB/c  B  lymphoma  line  that 
expresses  la.  Highly  purified  SEA  and  other  staphylococcal  enterotoxins  were 
obtained  from  Toxin  Technology  (Sarasota,  FL).  Several  monoclonal 
antibodies  (mAb)  were  used  in  this  study.  MAbs  were  purchased  from 
Accurate  Chemicals,  Westbury,  NY.  MAb  Kd  (34-1 -2S)  is  specific  for  m31 
determinant  of  Kd  (Ozato  et  al.,  1982).  MAb  IAd  (MK-D6)  is  specific  for  the  p1 
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helix  of  l-Ad  (Lee  and  Watts,  1990).  All  mAb  were  used  at  a  final  concentration 
of  10  ug/ml.  MAbs  used  in  this  study  had  similar  potencies  as  determined  by 
the  Hybridoma  Core  Facility,  Interdisciplinary  Center  for  Biotechnology 
Research,  University  of  Florida.  Polyclonal  antibodies  were  used  at  a  final 
dilution  of  1:100.  Poly  IAd  (Cat.YI -9-04-26-01)  is  specific  for  the  m11 
determinant  of  l-Ad  and  poly  la.7  (Cat.YI -7-02-02-01)  is  specific  for  the  m7 
determinant  of  l-Ed.  Both  antibodies  were  obtained  from  NIAID,  Rockville,  MD. 
Poly  l-Ak  was  obtained  from  Accurate  Chemicals,  Westbury,  NY. 

Radioiodinations 

SEA  (2.5  |ig)  and  vSAg  peptide  (10  |xg)  were  radiolabeled  using 
chloramine  T  as  described  (Griggs  et  al.,  1992).  Briefly,  ligands  were  labeled 
with  500  uCi  of  Na125l  (15  mCi/u.g,  Amersham  Corp.,  Arlington  Heights,  IL)  in 
25  ul  of  0.5  M  potassium  phosphate  buffer,  pH  7.4,  and  10  uJ  of  chloramine  T 
(5  mg/ml)  for  2  min.  After  neutralization  of  the  reaction  with  10  (il  each  of 
sodium  bisulfite  (10  mg/ml),  potassium  iodide  (70  mg/ml),  bovine  serum 
albumin  (BSA;  20  mg/ml),  and  15  u.l  of  NaCI  (4  M),  the  preparation  was  sieved 
on  a  5  ml  Sepharose  G-10  column.  The  two  fractions  with  the  highest 
radioactivity  in  the  first  eluted  peak  were  pooled  and  used  in  the  radiolabeled 
binding  assays.  The  specific  activities  of  the  SEs  and  vSAg  peptide  ranged 
from  130-150  uCi/ug  and  30-60  uCi/ug. 

Binding  Studies 

In  binding  studies  using  A20  cells,  unlabeled  competitors  (SEs  and 
vSAg  peptides)  were  added  in  50  ui  volumes  (in  PBS  with  1%  BSA)  at 
indicated  final  concentrations  to  50  ul  of  cells  in  "Eppendorf"  tubes. 
Competitors  were  incubated  with  cells  at  room  temperature  for  45  minutes, 
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followed  by  the  addition  of  radiolabeled  SEs  or  vSAg  peptide.  After  45  minutes, 
the  cells  were  washed  three  times  and  the  radioactivity  associated  with  the  cell 
pellets  was  quantified  using  a  gamma  counter.  L  cells  were  used  as  an  MHC 
class  ll-negative  control  cell  line. 

L  cells  were  grown  to  confluence  in  the  wells  of  microtiter  plates  and 
were  subjected  to  the  same  incubation  times  and  volumes  of  competitors  and 
labeled  ligands  as  used  for  A20  cells.  After  three  washes,  the  cells  were 
solubilized  in  1%  SDS,  the  liquid  was  absorbed  by  cotton-tipped  applicators, 
and  radioactivity  was  quantified  using  a  gamma  counter. 

Radioimmunoassay 

Two  MHC  peptides  l-Apb(30-60)  and  l-Apb(60-90)  were  used  to  for 
binding  of  SEA  and  ORF(76-1 19)  to  class  II  antigens.  The  l-Apb(60-90)  site  was 
previously  shown  to  be  involved  in  SEA  binding  to  MHC  class  II  antigens 
(Russell  et  al.,  1990).  MHC  peptides  were  dissolved  in  PBS  at  a  concentration 
of  25  u-g/ml.  Peptide  solutions  were  pipetted  into  polystyrene  plastic  tubes  and 
tubes  were  placed  at  10°C  for  4  hours  to  allow  adherence  of  the  peptides.  The 
tubes  were  washed  three  times  with  PBS.  Nonspecific  sites  on  the  plastic  were 
blocked  using  2  ml  of  PBS  containing  1%  BSA  at  10°C  overnight.  After  the 
tubes  were  washed  three  times  of  PBS  containing  1%  BSA,  unlabeled 
competitors  (SEA  and  vSAg  peptide)  were  added  in  0.1  ml  and  allowed  to  bind 
at  room  temperature  for  3  hours.  The  tubes  were  washed  three  times  with  2  ml 
of  PBS/1%  BSA  prior  to  addition  of  0.1  ml  of  either  radiolabeled  SEA  or 
radiolabeled  vSAg(76-1 19)peptide,  at  final  concentrations  of  2  nm  and  5  nm, 
respectively.  Radiolabeled  ligands  were  allowed  to  bind  to  MHC  peptides  at 
room  temperature  for  4  hours.  After  washing  three  times  with  2  ml  of  PBS 
containing  1%  BSA,  the  tubes  were  placed  in  a  gamma  counter  and  bound 
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radioactivity  was  quantified.  Experiments  were  performed  at  least  four  times 
each  using  replicates  of  three. 

Results 

Competition  of  vSAa  Peptides  with  Radiolabeled  SEA  for  MHC  Binding 

Overlapping  peptides  (referred  to  as  vSAg  peptides)  corresponding  to 
the  predicted  extracellular  domain  of  the  MMTV-1  superantigen  were 
synthesized  and  their  sequences  are  listed  in  Table  III.  The  vSAg  peptides 
were  initially  tested  at  a  concentration  of  200  |iM  for  their  relative  abilities  to 
compete  with  125I-SEA  for  binding  to  A20  cells,  which  express  l-Ad  and  l-Ed 
(which  are  MHC  class  II  antigens  of  the  d  haplotype,  A  isotype  and  E  isotype, 
respectively).  The  vSAg(76-119)  peptide  reduced  125I-SEA  binding  to  A20 
cells  by  63%,  while  the  other  peptides  had  no  effect  (Figure  1).  Thus,  only  one 
of  the  overlapping  vSAg  peptides,  vSAg(76-1 19),  significantly  blocked  the 
binding  of  125I-SEA  binding  to  A20  cells. 

vSAa(76-119)  Peptide  Competition  Is  Dose-Dependent 

Dose  response  studies  were  performed  on  A20  cells  with  several  vSAg 
peptides,  including  vSAg(76-1 19).  The  vSAg(76-119)  peptide  reduced  125l- 
SEA  binding  by  50%  at  a  concentration  of  20  uM  (Figure  2).  Further,  vSAg(76- 
119)  peptide  consistently  competed  with  125I-SEA  in  a  manner  similar  to 
unlabeled  SEA,  although  SEA  was  20  times  more  effective.  Unlabeled  SEA  at 
a  concentration  of  1  \lM  reduced  125I-SEA  binding  to  A20  cells  by  50%.  These 
data  are  consistent  with  the  reported  Kd  for  SEA  binding  to  l-Ed  of 
approximately  10"6  M  (Lee  and  Watts,  1990).  The  peptide  corresponding  to  a 
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76-119      117-147     142-172     166-195     190-222     220-250     245-276  274-313 


vSAg  peptides 


Figure  1.  Ability  of  vSAg  peptides  to  compete  with  125I-SEA  for  binding  to  A20 
cells.  Binding  of  125I-SEA  in  the  absence  of  competitors  was  6384±400  CPM. 
The  data  presented  represent  the  mean  of  three  individual  experiments  each 
performed  in  duplicate.  Each  bar  represents  the  mean  percent  of  SEA  control 
binding  in  the  presence  of  vSAg  peptides  ±  SD. 
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Figure  2.  Ability  of  vSAg(76-119)  to  compete  with  125I-SEA  for  binding  to  A20 
cells  in  dose  response  studies.  125I-SEA  was  used  at  2.5  nM.  Binding  of  125l- 
SEA  to  A20  cells  in  the  absence  of  competitors  was  5184±380  CPM.  The  data 
presented  represent  the  mean  of  three  individual  experiments,  each  performed 
in  duplicate.  Each  point  represents  the  mean  percent  of  SEA  control  binding  in 
the  presence  of  competitors  ±  SD. 
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C-terminal  region  of  the  MMTV  superantigen,  vSAg(245-276),  was  not  a 
consistent  competitor  for  SEA  binding.  The  peptide  corresponding  to  the  C- 
terminal  tail,  vSAg(274-313),  did  not  compete.  A  peptide  having  the  same 
amino  acid  content  as  vSAg(76-119)  but  in  a  scrambled  sequence  (see  Table 
III  for  sequence)  did  not  compete,  thus  indicating  that  vSAg(76-119)  peptide 
competition  was  sequence  specific.  No  direct  binding  of  125l-vSAg(76-1 19)  to 
SEA  or  to  related  superantigens  was  detected  (data  not  shown).  Thus,  the 
vSAg(76-119)  peptide  binds  specifically  to  A20  cells,  and  competes  for  SEA 
binding  in  a  dose-dependent  manner. 

Direct  Binding  of  vSAa(76-1 19)  Peptide  to  A20  Cells 

In  direct  binding  studies,  125l-vSAg(76-1 19)  peptide  bound  to  A20  cells 
and  was  effectively  inhibited  by  both  unlabeled  SEA  and  unlabeled  vSAg(76- 
119)  peptide  (Figure  3).  Unlabeled  SEA  and  unlabeled  vSAg(76-119)  peptide 
competed  with  125l-vSAg(76-1 19)  in  a  similar  manner,  although  SEA  was  a 
more  potent  competitor.  SEA  reduced  125l-vSAg(76-1 19)  binding  by  50%  at  a 
concentration  of  1.8  uM  as  compared  to  25  \iM  for  unlabeled  vSAg(76-119) 
peptide.  Neither  vSAg(76-119)  scrambled  peptide  nor  the  C-terminal  vSAg 
peptide  competed,  thereby  showing  that  vSAg(76-119)  binding  was  sequence 
and  region  specific.  TSST-1  did  not  compete  with  125l-vSAg(76-1 19)  peptide 
for  binding  to  A20  cells,  while  SEB  competed  less  effectively  than  SEA,  which  is 
consistent  with  their  relative  abilities  to  compete  with  SEA  for  MHC  class  II 
binding  (Fraser,  1989;  Pontzer  et  al.,  1991).  Thus  these  results  indicate  that 
binding  of  vSAg(76-119)  peptide  occurs  to  murine  MHC  class  II  antigens. 
Binding  of  vSAg(76-1 19)  may  occur  at  a  region(s)  to  which  SEA  also  binds  or  to 
a  neighboring  site  which  interferes  with  the  binding  of  SEA. 
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Figure  3.  Ability  of  SEA,  SEB,  and  TSST-1  to  compete  with  125|-vSAg(76-1 19) 
for  binding  to  A20  cells.  Experimental  conditions  were  the  same  as  those 
described  in  Figure  1.  125l-vSAg(76-1 19)  was  used  at  a  final  concentration  of 
2.3  nM.  Binding  of  125l-vSAg(76-1 19)  in  the  absence  of  competitors  was 
2278±224  CPM.  The  data  presented  represent  the  mean  of  three  individual 
experiments,  each  performed  in  duplicate.  Each  point  represents  the  mean 
percent  of  vSAg  control  binding  in  the  presence  of  competitors  ±  SD. 
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Evidence  that  vSAa(76-119^  Binds  Specifically  to  MHC  Class  II  Antigens 
Two  further  pieces  of  evidence  indicate  that  vSAg(76-119)  binds  to  class  II 
MHC  antigens.  Binding  of  vSAg(76-1 19)  to  class  II  negative  mouse  L  cells  was 
insignificant  as  compared  to  mouse  A20  cells  even  at  concentrations  as  high  as 
5  nM  (Figure  4A).  Monoclonal  antibodies  to  class  I  MHC  antigens  had  no 
effect  on  125l-vSAg(76-1 19)  binding  to  A20  cells  (Figure  4B).  Polyclonal  anti-l- 
Ad  and  anti-l-Ed  significantly  blocked  binding  and,  in  combination,  these 
antibodies  reduced  binding  to  A20  cells  by  73%.  These  data  suggest  that 
vSAg(76-119),  like  SEA  (Lee  and  Watts,  1990),  binds  to  both  l-A  and  l-E.  An  I- 
Ad  p1  helix-specific  monoclonal  antibody  reduced  binding  by  approximately 
30%,  suggesting  that  this  is  a  region  on  l-A  to  which  vSAg(76-119)  binds. 
Polyclonal  antibodies  to  l-Ak  had  minor  effects  on  vSAg(76-1 19)  binding.  Thus, 
these  data  indicate  that  vSAg(76-1 19)  binds  to  class  II  MHC  antigens. 

In  order  to  directly  determine  if  vSAg(76-1 19)  binds  to  the  p1  helix  of  l-A, 
a  competitive  radioimmunoassay  was  performed  in  which  125I-SEA  and  125l- 
vSAg(76-119)  were  tested  for  their  relative  abilities  to  bind  to  l-Apb(60-90) 
peptide.  SEA  and  vSAg(76-1 19),  but  not  scrambled  VSAG(76-1 19),  competed 
with  both  125|.sea  and  125|.vSAg(76-1 19)  for  binding  to  l-Apb(60-90)  in  a 
manner  similar  to  the  competition  seen  on  whole  cells  (Figure  5A).  As 
previously  shown  for  SEA  (Russell  et  al.,  1990,  1991),  vSAg(76-119)  did  not 
directly  bind  to  l-Apb(30-60)  (Figure  5B).  Thus,  SEA  and  vSAg(76-119)  bind  to 
a  similar  region  on  the  p  chain  of  the  class  II  MHC  molecule. 

Discussion 

To  date,  no  information  has  been  available  on  the  ability  of  MMTV  vSAg 
protein  to  bind  to  MHC  antigens  and,  in  fact,  this  ability  has  been  questioned 
(Marrack  and  Kappler,  1990;  Acha-Orbea  and  Palmer,  1991;  Acha-Orbea  et  al., 
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Figure  4.  Evidence  that  vSAg(76-119)  peptide  binds  to  MHC  class  II  antigens, 
and  does  not  bind  to  class  I  antigens. 

Panel  A:  Binding  of  125l-vSAg(76-1 19)  to  class  ll-positive  A20  cells  and  class 
ll-negative  L  cells.  125l-vSAg(76-1 19)  was  used  at  a  final  concentration  of  5 
nM. 

Panel  B:  Blockage  of  125l-vSAg(76-1 19)  binding  to  A20  cells  by  antibodies  to 
class  I  and  class  II  MHC  antigens.  125l-vSAg(76-1 19)  was  used  at  a  final 
concentration  of  5  nM.  MAbs  were  used  at  a  final  dilution  of  1 :30. 


28 


o 

u 

e 

© 


120- 


100- 


80- 


60- 


40- 


20- 


SEA  vs.  radiolabeled  SEA 
vSAg(76-119)  vs.  radiolabeled  SEA 
SEA  vs.  radiolabeled  vSAg(76-199) 
vSAg(76-119)  vs.  radiolabeled  vSAg(76-119) 


0  I         i     i    i  i  i  i  i  1 1 
0.1  1.0 


I  I  I  I  I  I  

10.0 


I  I — I — I  I  I  I  I  1       I  1    I  I  I 

100.0  1000.0 


Concentration  (|iM) 


2000 


_      1500  H 

c 
9 

o 

*  1000- 

eu 

U 


500- 


I  I  No  competitor 
■  vSAg(76-119) 


60-90  30-60 
MHC  Peptide 


B 


Figure  5.  Binding  of  125l-vSAg(76-1 19)  to  MHC  class  II  peptides. 
Panel  A:  Binding  of  125|-SEA  and  125|.vSAg(76-119)  to  l-A(Jb(60-90)  and 
inhibition  by  vSAg(76-1 19).  Each  point  represents  the  mean  percent  reduction 
of  control  binding  in  the  presence  of  competitors  ±  SD.  Binding  of  125I-SEA 
and  125l-vSAg(76-119)  in  the  absence  of  competitor  was  2656+92  CPM  and 
1547133  CPM,  respectively. 

Panel  B:  Relative  ability  of  vSAg(76-119)  to  bind  l-Ab(60-90)  and  l-Apb(60-90) 
in  the  presence  and  absence  of  vSAg(76-1 19).  Unlabeled  and  125l-vSAg(76- 
119)  were  used  at  final  concentrations  of  5  nM  and  300  |iM,  respectively. 
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1991).  Such  binding  studies  are  hampered  by  the  difficulties  inherent  in 
expressing  the  MMTV  superantigen.  A  model  has  recently  been  proposed  that 
suggests  that  MMTV  superantigens  may  act  in  the  same  or  similar  fashion  to 
bacterial  superantigens  by  bridging  MHC  antigens  and  TCR  on  the  appropriate 
cell  types  (Acha-Orbea  and  Palmer,  1991).  MMTV  superantigens,  presented  in 
the  context  of  MHC  class  II  antigens,  may  act  by  stimulating  and  expanding  Vp- 
specific  T  cell  subsets,  thereby  indirectly  enhancing  the  further  infection  of  B 
cells  (Held  et  al.,  1994a).  The  results  presented  in  this  chapter  suggest  that 
MMTV  vSAg  protein  binds  to  MHC  antigens,  thereby  strengthening  the 
argument  that  bacterial  and  retroviral  superantigens  act  in  a  similar  manner. 

It  has  been  reported  that  MMTV  superantigen  is  a  45  kd  Type  II  integral 
membrane  protein  with  an  intracellular  N-terminus,  an  essential  hydrophobic 
transmembrane  region  near  the  N-terminus  (residues  45-64),  and  a 
glycosylated  extracellular  C-terminus  (Choi  et  al.,  1992).  Although  no  direct 
evidence  exists,  the  variability  of  the  C-terminal  residues  of  vSAg  proteins  of 
various  MMTV  strains  seems  to  correlate  with  their  differences  in  Vp  specificity, 
lending  support  to  the  concept  that  this  region  binds  TCR  (Pullen  et  al.,  1992). 
Truncated  versions  of  the  vsag  gene  were  transfected  into  MHC  class  ll-bearing 
cells  and  tested  for  superantigen  activity.  Complete  loss  of  superantigen 
activity  occurred  when  the  MMTV  vsag  gene  was  N-terminally  truncated  to  the 
third  methionine  (residue  122)  and  beyond  (Choi  et  al.,  1992).  The  authors 
concluded  that  a  hydrophobic  region,  which  was  missing  in  this  N-terminally 
truncated  version,  acts  as  a  transmembrane  region  and  is  essential  for 
superantigen  activity.  However,  our  binding  data  suggest  that  loss  of 
superantigen  activity  may  have  been  due,  at  least  in  part,  to  the  deletion  of  the 
MHC-binding  domain  which  is  encompassed  by  residues  76-119.  In  fact,  the 
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superantigen  activity  of  MMTV  vSAg  protein  was  lost  in  truncations  that  did  not 
contain  the  region  encompassed  by  residues  76-119. 

Subsequent  studies  by  the  same  group  of  investigators  suggest  that 
MMTV-7  superantigen  is  synthesized  as  a  precursor  molecule,  is  proteolytically 
cleaved  at  an  internal  site  (-  residue  164)  and  is  expressed  as  an  18.5  kd 
surface  protein  consisting  of  the  C-terminal  residues  (Winslow  et  al.,  1992). 
Membrane  association  of  this  truncated  form  may  involve  "tethering"  to  MHC 
class  II  antigens  or  to  the  N-terminal  portion  of  the  precursor  molecule.  As  a 
cautionary  note,  the  transfected  cell  line  used  to  characterize  this  truncated  form 
of  the  MMTV-7  superantigen  was  shown  to  have  high  expression  of  the  protein 
but  low  activity.  Conversely,  a  transfected  cell  line  with  moderate  superantigen 
expression  and  high  activity  was  not  used  for  characterization. 

Recently,  studies  were  reported  on  the  binding  of  truncated  forms  of 
MMTV-7  superantigen  to  human  MHC  class  II  antigens.  Binding  studies  were 
performed  with  28K  and  18K  versions  of  the  superantigen  and  showed  that 
both  molecules  bind  to  human  MHC  class  II  antigens  (Mottershead  et  al.,  1995). 
Thus,  studies  by  our  laboratory  indicate  one  site  for  binding  to  mouse  MHC 
class  II  antigens,  whereas  studies  performed  by  others  suggest  that  two  sites  on 
MMTV  superantigen  are  involved  in  binding  to  human  MHC  class  II  antigens. 

Despite  the  diverse  origins  of  SEA  and  MMTV  vSAg  protein,  it  is  likely 
that  these  two  proteins  exert  superantigen  activity  by  a  similar  mechanism.  Two 
different  regions  of  the  MMTV  superantigen  are  probably  involved  in  MHC 
binding  and  Vp  specificity.  The  variability  of  the  C-terminal  30  residues 
between  Vp-specific  MMTV  superantigens  is  indirect  evidence  that  the  C- 
terminus  is  responsible  for  Vp  specificity  (Pullen  et  al.,  1992).  Data  presented 
here  on  competitive  and  direct  binding  of  vSAg  peptides  to  A20  cells  suggest 
that  the  region  encompassed  by  residues  76-119  is  involved  in  MHC  binding. 
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This  region  would  be  part  of  the  extracellular  domain  based  on  a  proposed 
Type  II  membrane  protein  model  for  MMTV  vSAg  protein  (Choi  et  al.,  1992). 
Thus,  both  the  C-terminal  tail  and  an  N-terminal  region  may  be  required  for 
ternary  complex  formation  with  MHC  and  TCR  by  MMTV  superantigen. 
Conversely,  SEA  contains  several  N-terminal  domains  that  bind  MHC  (Griggs 
et  al.,  1992)  and  an  internal  domain  that  may  be  involved  in  binding  to  TCR,  so 
that  the  sites  of  interaction  of  these  superantigens  with  MHC  and  TCR  may  not 
be  completely  analogous.  Although  little  sequence  homology  exists  between 
MMTV  vSAg  protein  and  SEA,  circular  dichroism  analysis  indicates  that  both 
SEA  and  vSAg(76-119)  have  significant  p  structure,  suggesting  that  similar 
structural  motifs  may  be  important  for  MHC  binding  by  superantigens. 

Finally,  results  presented  herein  indicate  that  a  peptide  corresponding  to 
residues  76-119  of  the  MMTV  superantigen  binds  directly  to  MHC  class  II 
antigens.  Further,  competition  studies  indicate  that  SEA  and  vSAg(76-119) 
peptide  bind  to  at  least  one  common  region  on  mouse  MHC  antigens.  Future 
studies  using  synthetic  peptides  and  peptide  analogues  may  help  further 
elucidate  the  site(s)  on  MHC  for  which  SEA  and  MMTV  superantigen  compete. 


CHAPTER  III 

IDENTIFICATION  OF  AN  HIV-1  NEF  PEPTIDE  THAT  BINDS  TO 
MHC  CLASS  II  ANTIGENS 

Introduction 

In  Chapter  Two,  a  site  was  identified  on  the  MMTV-1  superantigen  that 
binds  to  class  II  MHC  antigens,  suggesting  that  retroviral  and  bacterial 
superantigens  exert  their  effects  similarly.  MMTV  superantigen  is  encoded  in  a 
gene  that  overlaps  the  terminal  repeat  at  the  3'  end  of  the  viral  genome.  The 
genome  of  human  spumavirus  also  contains  a  gene  (bel3)  that  overlaps  the 
terminal  repeat  at  the  3'  end,  the  product  of  which  may  have  superantigenic 
properties  (Fluegel,  1993).  Recently,  it  has  been  suggested  that  human 
immunodeficiency  virus  (HIV)  may  possess  superantigen  activity,  although  no 
specific  superantigenic  protein  has  been  identified  (Imberti  et  al.,  1991; 
Laurence  et  al.,  1992;  Dalgleish  et  al.,  1992;  Bisset  et  al.,  1993).  The  HIV 
genome  also  contains  a  gene  that  overlaps  the  terminal  repeat  at  the  3'  end, 
the  product  of  which  is  called  Nef.  Although  Nef  is  one  of  the  early  proteins 
produced  during  the  replication  of  primate  lentiviruses,  the  role  of  Nef  in  HIV 
pathogenesis  has  yet  to  be  established. 

To  determine  if  Nef  had  binding  characteristics  similar  to  superantigens, 
a  study  was  undertaken  to  determine  its  ability  to  bind  to  MHC  class  II  antigens, 
at  sites  that  are  known  to  bind  superantigens.  Using  overlapping  peptides 
corresponding  to  the  entire  length  of  Nef  (HIVlav).  we  have  identified  a  region 
which  binds  to  MHC  class  II  antigens,  and  which  competes  for  binding  with 
known  bacterial  superantigens. 
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Materials  and  Methods 

Synthetic  Peptides 

Overlapping  peptides  corresponding  to  the  entire  length  of  HIVlav  Nef 
(Wain-Hobson  et  al.,  1985)  were  synthesized  with  a  Biosearch  9500AT 
automated  peptide  synthesizer  using  N-(9-flurenyl)methoxycarbonyl  chemistry 
as  described  in  chapter  II  of  this  text.  Peptides  were  synthesized  based  on  a 
surface  profile  as  described.  The  amino  acid  sequences  of  the  peptides  are 
presented  in  Table  IV. 

Cells  and  Reagents 

Two  cell  lines  were  used  for  the  binding  studies.  Raji  cells  are  EBV- 
transformed  B  cells  that  express  DR3,  Dw10,  DQw1,  and  DQw2  (Merryman 
et  al.,  1989).  DR1-transfected  L  cells  were  kindly  provided  by  Dr.  Eric  O.  Long 
and  are  described  elsewhere  (Lechler  et  al.,  1988).  SEs  were  obtained  from 
Toxin  Technology  (Sarasota,  FL).  Several  mAb  were  used  in  this  study.  Anti- 
HLA-DR  clone  L243  reacts  with  a  nonpolymorphic  DR  epitope  and  does  not 
cross-react  with  DP  or  DQ  (Robbins  et  al.,  1987).  Anti-HLA-DP  clone  B7/21 
reacts  with  a  monomorphic  epitope  present  on  DP1,  DP2,  DP3,  DP4,  and  DP5 
(Robbins  et  al.,  1987).  Anti-HLA-DQ  clone  SK10  reacts  with  a  common 
polymorphic  epitope  present  on  cells  expressing  DQw1  and  DQw3  (associated 
with  DR1.  DR2,  DR4,  DR5,  w8,  w9,  and  w10)  (Brodsky,  1984).  Anti-HLA-DR 
clone  L227  reacts  with  a  nonpolymorphic  region  of  DR  (Barnstable  et  al.,  1978). 
Clone  W6/32  reacts  with  a  monomorphic  epitope  on  HLA-A,  B,  and  C 
(Barnstable  et  al.,  1978).  Clones  L243,  B7/21,  and  SK10  were  obtained  from 
Becton-Dickinson  (Mountain  View,  CA)  and  clones  L227  and  W6/32  were 
kindly  provided  by  Dr.  Robert  Rich.  All  mAbs  were  used  at  a  final  concentration 
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Table  IV. 

Amino  acid  sequences  of  Nef  peptides. 


Nef  Peptide  Sequence 


1  -38  MGGKWSKSSVVGWPTVRERMRRAEPAADGVGAASRDLE 

31  -65  GAASRDLEKHGAITSSNTAATNAACAWLEAQEEEE 

62-99  EEEEVGFPVTPQVPLRPMTYKAAVDLSHFLKEKGGLEG 

93-1 32  EKGGLEGLIHSQRRQDILDLWIYHTQGYFPDWQNYTPGPG 

1 23-1 60  DWQNYTPGPGVRYPLTFGWCYKLVPVEPDKVEEANKGE 

1 56-1 86  NKGENTSLLHPVSLHGMDDPEREVLEWRFD 

182-206  EWRFDSRLAFHHVARELHPEYFKNC 
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of  10  ng/ml.  Purified  recombinant  Nef  protein  was  purchased  from  Repligen, 
Cambridge,  MA. 

Radioiodinations 

SEs  (2.5  ug)  and  Nef  peptide  (10  ug)  were  radioiodinated  using 
chloramine  T  as  described  in  chapter  II  of  this  text.  The  specific  activities  of  the 
SEs  and  Nef  peptide  ranged  from  70-120  uCi/|ig  and  30-40  uCi/ug, 
respectively. 

Binding  Studies 

For  binding  studies  on  Raji  cells,  unlabeled  competitors  (SEs  and  Nef 
peptides)  were  added  in  50  ul  (in  PBS  with  1%  BSA)  to  50  ul  of  cells  in  1.5  ml 
"Eppendorf"  tubes.  Cells  and  competitors  were  incubated  at  room  temperature 
for  45  min.,  followed  by  the  addition  of  radiolabeled  SEs  or  Nef  peptide.  After 
45  min.,  the  cells  were  washed  three  times  and  the  bottoms  of  the  tubes  were 
cut  off.  Radioactivity  was  quantified  using  a  gamma  counter.  Similarly,  DR-1 
transfected  L  cells,  which  were  grown  to  confluence  in  the  wells  of  microtiter 
plates,  were  subjected  to  the  same  incubation  times  and  volumes  of 
competitors  and  labeled  ligands  as  used  for  the  Raji  cells.  After  three  washes, 
the  cells  were  solubilized  in  1%  SDS,  and  the  liquid  was  absorbed  by  cotton- 
tipped  applicators  and  radioactivity  was  quantified  using  a  gamma  counter. 

Results 

Competition  of  Nef  Peptides  with  Radiolabeled  SEA  for  MHC  Binding 

Overlapping  peptides  corresponding  to  the  entire  length  of  the  Nef 
sequence  (HIVlav)  were  synthesized  (Table  IV).   The  Nef  peptides  were 
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initially  tested  at  a  concentration  of  300  uM  for  their  relative  abilities  to  compete 
with  125|-SEA  for  binding  to  Raji  cells,  which  express  HLA-DR3  and  HLA- 
DRw10,  and  DR1-transfected  L  cells  (Figure  6).  Nef(123-160)  reduced  125l- 
SEA  binding  to  Raji  cells  by  41%  which  was  significant  at  p<0.002.  This 
degree  of  inhibition  was  consistent  in  repeated  experiments.  The  N-terminal 
peptide,  Nef(1-38),  had  a  marginal  but  insignificant  effect  (21%  reduction, 
p>0.05)  on  125I-SEA  binding  to  Raji  cells  in  the  same  experiment.  This  slight 
inhibition  by  Nef(1-38)  was  not  seen  in  repeated  experiments.  The  other 
peptides  did  not  affect  SEA  binding  to  Raji  cells.  A  similar  pattern  was  seen  in 
competitive  binding  studies  performed  on  DR1-transfected  L  cells.  Nef(123- 
160)  blocked  125|-SEA  binding  to  DR1  cells  by  35%  (p<0.008),  whereas  Nef(1- 
38)  had  only  a  slight  effect  (p>0.8).  Thus,  only  one  of  the  overlapping  Nef 
peptides,  Nef(123-160),  significantly  and  consistently  blocked  125I-SEA  binding 
to  both  Raji  cells  and  DR1-transfected  L  cells. 

Nef(123-160)  Peptide  Competition  Is  Dose-Dependent 

The  relative  abilities  of  Nef(123-160),  purified  recombinant  Nef  protein 
(Repligen,  Cambridge,  MA),  and  SEA  to  block  SEA  binding  to  MHC  class  II 
were  tested  in  dose  response  studies  (Figure  7).  Nef(123-160)  reduced  125l- 
SEA  binding  to  Raji  cells  by  40%  at  the  highest  concentration  tested  (300  (iM), 
and  competed  with  SEA  in  a  dose-dependent  manner.  Two  other  Nef  peptides, 
Nef  (1-38)  and  Nef(31-65),  did  not  block  SEA  in  a  dose-dependent  manner. 
Unlabeled  SEA  reduced  125I-SEA  binding  by  50%  at  a  concentration  of  0.2  |iM, 
which  is  consistent  with  the  reported  Kd  of  SEA  for  human  MHC  class  II 
antigens  (Chintagumpala  et  al.,  1991).  Thus,  Nef  protein  and  the  internal  Nef 
sequence,  Nef(123-160),  competed  for  SEA  binding  to  Raji  cells  in  a  dose- 
dependent  manner. 
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1-38  31-65  62-99         93-132        123-160        156-186  182-206 


NeF  Peptide 


Figure  6.  Blockage  of  125I-SEA  binding  to  Raji  and  DR1-transfected  L  cells  by 
Nef  peptides.  Net  peptides  were  used  at  a  final  concentration  of  300  [iM.  125l- 
SEA  was  used  at  a  final  concentration  of  2  nM.  105  Raji  or  DR1-transfected  L 
cells  were  used  per  tube.  Binding  of  125I-SEA  to  Raji  and  DR1-transfected  L 
cells  in  the  absence  of  competitors  was  31,469  +  2292  and  5,708  ±  41  CPM, 
respectively.  Data  represent  the  mean  percent  of  control  of  three  individual 
experiments,  each  performed  in  duplicate.  Bars  represent  binding  to  Raji  and 
DR1-transfected  L  cells  in  the  presence  of  Nef  peptides  ±  SD. 
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Figure  7.  Relative  abilities  of  Nef(123-160),  purified  Nef  protein,  and  SEA  to 
compete  with  125I-SEA  for  binding  to  Raji  cells.  Experimental  conditions  were 
the  same  as  those  described  in  Figure  1.  Binding  of  125I-SEA  to  Raji  cells  in 
the  absence  of  competitors  was  30,406  ±  2851  CPM.  The  data  presented 
represent  the  mean  of  three  individual  experiments,  each  performed  in 
duplicate.  Each  point  represents  the  mean  percent  of  SEA  control  binding  in 
the  presence  of  competitors  ±  SD. 
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Ability  of  Nef  Peptides  to  Compete  with  SEs  for  Binding  to  Raji  Cells 

Nef  peptides  were  also  tested  for  their  relative  abilities  to  compete  with 
other  staphylococcal  enterotoxins  (SEs)  for  binding  to  Raji  cells.  As  shown  in 
Figure  8,  Nef(123-160)  significantly  blocked  binding  of  125I-SEE  by  42% 
(p<0.02)  and  125I-SEC1  by  26%  (p<0.03),  but  only  blocked  binding  of  125l- 
SEB  by  10%  (p>0.1).  Thus,  Nef(123-160)  significantly  inhibited  the  binding  of 
two  highly  homologous  SEs,  SEA  and  SEE,  while  it  was  less  effective  against 
SEB  and  SEC1. 

Direct  Binding  of  Nef(123-160)  Peptide  to  Raii  Cells 

In  direct  binding  studies,  125l-Nef(123-160)  bound  to  Raji  cells  and  was 
effectively  inhibited  by  unlabeled  Nef(123-160)  and  SEs  (Figure  9).  Unlabeled 
Nef(123-160)  reduced  125l-Nef(123-160)  binding  by  50%  at  a  concentration  of 
30  uM.  SEE  was  a  better  competitor  and  reduced  125l-Nef(123-160)  binding 
by  50%  at  a  concentration  of  2  uA/l.  Both  SEE  and  unlabeled  Nef(123-160) 
competed  in  a  similar  manner,  but  SEE  was  a  more  potent  competitor.  SEA  did 
not  inhibit  125l-Nef(123-160)  binding  as  well  as  SEE,  but  it  was  more  effective 
than  SECi  or  SEB.  This  pattern  of  inhibition  is  reflective  of  the  ability  of 
Nef(123-160)  to  block  SE  binding  to  MHC  class  II  antigens.  Although  SEs 
compete  for  similar  sites  on  MHC  class  II  antigens,  our  results  suggest  that 
Nef(123-160)  competes  for  sites  that  are  more  closely  associated  with  SEE 
than  the  other  SEs  tested.  Nef(123-160)  binding  was  not  blocked  by  other  Nef 
peptides,  such  as  Nef(1-38)  and  Nef  (31-65),  at  300  u.M.  These  results  suggest 
that  Nef(123-160)  binds  directly  to  Raji  cells  and  competes  for  a  site  on  MHC 
class  II  antigens  to  which  SEs  bind. 
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1-38  31-65  62-99  93-132         123-160        156-186  182-206 

NeF  Peptide 


Figure  8.  Blockage  of  125I-SE  binding  to  Raji  cells  by  Nef  peptides.  Nef 
peptides  were  used  at  a  final  concentration  of  300  uM.  125l-SEs  were  used  at  2 
nM.  All  other  experimental  conditions  were  the  same  as  those  described  in 
Figure  7.  Binding  of  125I-SEE,  125|-SEB,  and  125I-SEC1  in  the  absence  of 
competitor  was  5,917±612  CPM,  6,438±134  CPM,  and  4,493±425  CPM, 
respectively.  Data  represent  the  mean  of  three  individual  experiments,  each 
performed  in  duplicate.  Each  bar  represents  the  mean  percent  of  the 
appropriate  SE  control  binding  to  Raji  cells  in  the  presence  of  Nef  peptides  ± 
SD. 
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Figure  9.  Direct  binding  of  Nef(123-160)  peptide  to  Raji  cells.  125l-Nef(123- 
160)  was  used  at  a  final  concentration  of  3  nM.  All  experimental  conditions 
were  the  same  as  those  described  in  Figure  7.  Binding  of  125l-Nef(123-160)  in 
the  absence  of  competitor  was  1956  ±  150  CPM.  The  data  presented  represent 
the  mean  of  three  individual  experiments,  each  performed  in  duplicate.  Each 
point  represents  the  mean  percent  of  125l-Nef(123-160)  binding  relative  to 
control  in  the  presence  of  competitors  ±  SD. 
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MAbs  to  MHC  Class  II  Antigens  Block  NefM 23-1 601  Peptide  Binding  to  Raii 
Cells 

To  ascertain  the  receptor  to  which  125l-Nef(123-160)  bound  on  Raji 
cells,  binding  was  performed  in  the  presence  of  monoclonal  antibodies  (mAb) 
to  class  II  and  class  I  antigens  (Figure  10).  Clone  L243,  a  mAb  specific  for  HLA- 
DR,  reduced  125l-Nef(123-160)  binding  by  35%.  Another  mAb  specific  for 
HLA-DR,  clone  L227,  also  reduced  Nef(123-160)  binding,  but  was  not  as 
effective  as  clone  L243.  This  is  consistent  with  reports  that  L227  mAb  is  not 
very  effective  at  blocking  SEA  binding  to  Raji  cells  (Chintagumpala  et  al.,  1991). 
MAb  to  other  class  II  antigens  (HLA-DP  and  DQ)  had  no  effect  on  1 25I-Nef(1 23- 
160)  binding,  as  was  also  the  case  for  a  mAb  to  class  I  antigens  (clone  W6/32). 
Thus,  our  studies  indicate  that  Nef(123-160)  binds  to  class  II  MHC  antigens,  the 
known  receptors  for  superantigens  on  APC. 

Discussion 

Data  presented  here  show  that  binding  of  bacterial  superantigens  to 
MHC  class  II  antigens  can  be  blocked  by  a  peptide  corresponding  to  an  internal 
Nef  region.  Anti-HLA-DR  mAb  blocked  Nef(123-160)  binding  to  Raji  cells, 
suggesting  that  binding  to  class  II  molecules  occurred.  Binding  of  Nef(123-160) 
to  HLA-DR  probably  occurs  outside  the  antigen  binding  groove,  since  Nef(123- 
160)  was  able  to  block  binding  of  the  superantigens  SEE  and  SEA.  A  recent 
study  has  shown  that  HLA-DR  is  present  on  HIV-1  and  SIV,  and  that  it  is 
selectively  incorporated  into  the  virus  membrane  over  HLA-DP  or  HLA-DQ 
(Arthur  et  al.,  1992).  Antibodies  to  HLA-DR,  but  not  antibodies  to  HLA-DP  or 
HLA-DQ,  effectively  inhibited  viral  infection  of  cells  in  vitro  and  these  antibodies 
target  the  HLA-DR  antigens  present  on  the  virus  particles  and  not  those  present 
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Figure  10.  Blockage  of  125l-Nef(123-160)  binding  to  Raji  cells  by  antibodies  to 
MHC  class  I  and  class  II  antigens.  125l-Nef(123-160)  was  used  at  a  final 
concentration  of  3  nM.  MAbs  were  used  at  a  final  concentration  of  10  ng/ml. 
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on  the  cells.  The  ability  of  these  antibodies  to  neutralize  HIV  suggest  that  HLA- 
DR  may  play  a  role  in  infectivity.  Our  results  suggest  that  Net  may  bind  to  HLA- 
DR  as  it  is  being  expressed  on  the  surface  of  an  infected  cell  in  a  manner 
analogous  to  the  putative  expression  of  MMTV  superantigen  (Choi  et  al.,  1992). 
Further,  Nef  has  been  shown  to  be  present  on  the  surface  of  infected  cells,  as 
assessed  using  anti-Nef  antibodies  labeled  with  fluorescein  (Fujii  et  al.,  1993). 
This  is  in  contrast  to  the  situation  with  MMTV  superantigen  in  that  no  one  has 
been  able  to  show  that  cells  from  MMTV-infected  animals  express 
superantigen,  although  superantigen  functional  activity  is  observed  (Choi  et  al., 
1991).  Transgenic  mice  expressing  MMTV  superantigen  delete  Vp14+  T  cells, 
probably  during  the  ontogeny  of  the  immune  system,  and  these  mice  are 
immune  to  infection  by  exogenous  MMTV  infection  (Acha-Orbea  and  Palmer, 
1991).  Thus  it  is  possible  that  Nef  interacts  with  class  II  MHC  antigens  in  a 
manner  somewhat  similar  to  MMTV  superantigen,  suggesting  a  possible 
superantigen  function  for  Nef  in  HIV  pathogenesis. 


CHAPTER  IV 

ACTIVATION  OF  CD4  T  CELLS  BY  THE  NEF  PROTEIN  FROM  HIV-1 


Introduction 

In  the  previous  chapter,  data  was  presented  which  showed  that  Net 
binds  specifically  to  class  ll-bearing  Raji  cells  at  a  site(s)  involved  in 
staphylococcal  enterotoxin  binding.  This  binding  was  similar  to  that  shown  for 
MMTV  superantigen.  These  data  suggest  that  Nef  may  have  characteristics  of 
superantigens.  The  data  presented  in  this  chapter  show  that  Nef  induces 
proliferation  of  human  peripheral  blood  mononuclear  cells.  Further,  the 
proliferative  response  is  T  cell  specific.  The  data  presented  in  this  chapter 
indicate  that  Nef  activates  T  cells  and  induces  T  cell  cytokine  production  in  a 
manner  reminiscent  of  staphylococcal  superantigens. 


Materials  and  Methods 

Nef  Protein 

Nef  protein  was  expressed  and  purified  using  a  fusion  protein  and 
purification  system.  The  HIV-1  nef  gene  (HIV-1  1Mb,  R&D  Systems,  Cambridge, 
MA)  was  amplified  by  polymerase  chain  reaction  (PCR),  using  the  following 
primer  set : 

5 '  ATG  GGT  GGC  AAG  TGG  TCA  AAA  AGT  (+) 
5 '       GCC  AAG  CTT  GAT  GTC  AGC  AGT  TCT  (-) 
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The  extra  A  added  to  the  3'  end  of  the  amplified  nef  gene  fragment  as  a  result 
of  PCR  was  removed  by  treatment  with  the  Klenow  fragment  of  DNA 
polymerase.  This  DNA  was  ligated  into  the  Xmnl/H/'ndlll  cloning  site  of  the 
prokaryotic  expression  vector  pMAL™-c2  (New  England  BioLabs,  Beverley, 
MA).  The  sequence  of  the  fusion  construct  was  verified  by  the  DNA 
Sequencing  Laboratory,  Interdisciplinary  Center  for  Biotechnology  Research, 
University  of  Florida.  The  fusion  construct  was  engineered  such  that  the  N 
terminus  of  Nef  was  immediately  downstream  from  the  Factor  Xa  cleavage  site 
at  the  C  terminus  of  maltose  binding  protein  (MBP).  Thus,  cleavage  with  Factor 
Xa  was  predicted  not  to  add  any  vector-derived  amino  acids.  E.  coli  strain  TB1 
was  transformed  with  the  vector  containing  mbp/nef.  Cultured  E.  coli  TB1  were 
suspended  in  column  buffer  consisting  of  20  mM  Tris-HCI  (pH  7.4),  200  mM 
NaCI,  and  1  mM  ethylenediaminetetraacetic  acid  (EDTA).  The  cells  were 
sonicated  and  the  supernatants  were  recovered  after  centrifugation.  Protease 
inhibitors  (2  mM  phenylmethylsulfonyl  fluoride  (PMSF),  pepstatin  A,  leupeptin, 
and  aprotinin)  were  added  to  extracts.  The  protein  concentration  of  the  extracts 
was  adjusted  to  2.5  mg  protein/ml  prior  to  loading  onto  an  amylose  affinity 
column  containing  a  bed  volume  of  50  ml.  The  column  was  washed  with  350 
ml  of  column  buffer.  The  fusion  protein  was  eluted  with  200  ml  of  column  buffer 
containing  10  mM  maltose.  Fractions  (7  ml)  were  collected.  The  fusion  protein 
generally  eluted  within  the  first  70  ml.  After  cleaving  the  fusion  protein  with 
factor  Xa  (New  England  BioLabs,  Beverley,  MA),  the  cleavage  mixture  was 
loaded  onto  a  hydroxyapatite  column  containing  a  bed  volume  of  35  ml.  After 
extensive  washing  of  the  column  with  180  ml  of  10  mM  potassium  phosphate 
(pH  7.2)  containing  2  mM  PMSF  and  1  mM  benzamidine,  fractions  were  eluted 
using  a  linear  gradient  from  10  mM  to  400  mM  potassium  phosphate  buffer  (pH 
7.2)  containing  2  mM  PMSF.  Fractions  (5  ml)  were  collected.  Nef  eluted  from 
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the  column  between  100-150  mM  potassium  phosphate,  and  was  generally 
contained  within  7  fractions.  The  fraction  containing  Nef  protein  was  dialyzed 
against  affinity  column  buffer  containing  150  mM  NaCI.  The  dialyzed  material 
was  loaded  onto  a  second  amylose  affinity  column  for  removal  of  MBP.  The 
flow-through  containing  Nef  protein  was  collected  and  loaded  onto  an  High-Q 
ion-exchange  cartridge  (BioRad  Laboratories,  Richmond,  CA).  The  High-Q 
cartridge  was  washed  with  100  ml  of  20  mM  Tris  buffer  (pH  8.0)  containing  150 
mM  NaCI.  Fractions  were  eluted  with  a  linear  gradient  from  150-400  mM  NaCI 
in  the  same  buffer.  The  fractions  containing  Nef  protein,  which  eluted  at  180 
mM  NaCI,  were  collected  and  dialyzed  overnight  against  PBS  and  stored  at 
-70°C.  The  purity  of  Nef  protein  was  assessed  by  SDS-PAGE,  followed  by 
staining  with  silver.  Upon  staining  with  silver,  a  single  band  was  found,  and  a 
corresponding  band  was  detected  by  Western  blotting  with  monoclonal  anti-Nef 
antibody  (Repligen,  Cambridge,  MA).  MBP  purified  by  this  method  and  used  at 
the  same  concentrations  as  that  used  for  the  purified  Nef  preparation,  did  not 
have  proliferative  activity  on  human  peripheral  blood  mononuclear  cells. 

Nef  proliferative  activity  was  confirmed  using  recombinant  Nef  proteins 
obtained  from  two  other  sources  and  which  were  produced  using  different 
expression  systems.  The  following  reagent  was  obtained  through  the  AIDS 
Research  and  Reference  Reagent  Program,  AIDS  Program,  NIAID,  NIH:  HIV-1 
LAV  Nef  from  the  Division  of  AIDS,  NIAID.  The  HIV-1  nef  gene  (LAV)  used  to 
produce  this  Nef  preparation  was  isolated  from  pBENN  6  and  cloned  into  the 
bacterial  expression  vector  pPD-YN-61 .  The  protein  was  produced  in  E.  coli 
strain  Sf930  and  isolated  as  inclusion  bodies.  Nef  protein  was  also  obtained 
from  Repligen  (Cambridge,  MA).  In  this  case,  the  HIV-1  nef  gene  (LAV)  was 
cloned  into  the  bacterial  vector  pD10,  which  adds  a  hexahistidine  tag  for  protein 
purification  using  nickel  chelate  chromatography.  The  protein  was  produced  in 
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E.  coli strain  MC1 0611  POLL  All  Net  preparations  were  negative  for  endotoxin 
as  assessed  by  the  limulus  amoebocyte  lysate  assay. 

Reagents 

Staphylococcal  enterotoxin  A  (SEA)  was  purchased  from  Toxin 
Technology  (Sarasota,  FL).  Concanavalin  A  (Con  A),  anti-CD3,  and  anti-IgM 
were  purchased  from  Sigma  Chemical  Co.  (St.  Louis,  MO). 

Proliferation  Assays 

Proliferation  studies  on  human  peripheral  blood  mononuclear  cells 
(PBMC)  were  performed  as  described  previously  (Pontzer  et  al.,  1992). 
Peripheral  blood  from  healthy  adult  blood  bank  donors  was  obtained  from 
Civitan  Regional  Blood  Center  (Gainesville,  FL)  for  use  in  these  studies.  All 
donors  were  negative  for  cytomegalovirus,  hepatitis  B  virus,  and  HIV.  PBMC 
were  isolated  from  peripheral  blood  using  ficoll  hypaque  gradient 
centrifugation.  After  extensive  washing,  PBMC  were  plated  into  wells  of 
microtiter  plates  at  2.8  x  106  cells/ml,  followed  by  addition  of  activators.  Final 
volumes  were  adjusted  to  150  (xl/well  with  RPMI  1640  tissue  culture  medium 
containing  5%  fetal  bovine  serum  (FBS)  and  penicillin/streptomycin.  3H- 
thymidine  (1uCi/well;  Amersham  Corporation,  Indianapolis,  IN)  was  added  at 
90  h  after  initiation  of  cultures  and  the  cells  were  incubated  for  an  additional  6  h 
prior  to  harvest  onto  filter  paper.  Filter  paper  was  placed  in  liquid  scintillation 
fluid  and  radioactivity  was  quantified  using  a  p  scintillation  counter.  Stimulation 
index  (S.I.)  was  determined  by  dividing  the  experimental  CPM  by  the  CPM 
obtained  from  control  (unstimulated)  cultures. 
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Purification  of  T  Cells  from  PBMC 

Two  methods  were  used  to  isolate  purified  T  cell  populations.  One 
method  involved  passing  PBMC  over  T  Cellect  columns  (Biotex,  Edmunton, 
Alberta,  Canada).  A  second  method  involved  a  double  rosetting  technique 
using  neuraminidase-treated  sheep  red  blood  cells  (NA-SRBC)  (Spawski  and 
Lipsky,  1992).  PBMC  (5  ml  at  107/ml)  were  mixed  with  2.5  ml  each  of  NA- 
SRBC  and  FBS.  PBMC  were  incubated  for  10  min  at  37°C,  centrifuged  at  900 
rpm  to  gently  pellet  the  cells,  and  incubated  for  90  min  at  37°C.  Rosetted  T  cells 
were  separated  from  non-rosetted  cells  by  ficoll  hypaque  centrifugation.  NA- 
SRBC  were  removed  from  the  rosetted  fraction  by  lysis  with  ammonium 
chloride.  The  procedure  was  repeated  on  the  rosetted  fraction  to  insure  purity. 
Autologous  rosetted  T  cells  were  plated  at  2.8  x  106  cells/ml.  Cells  were  plated 
into  wells  of  microtiter  plates  at  2.8  x  106  cells/ml.  To  insure  that  these  cultures 
were  depleted  of  APC,  T  cells  were  stimulated  with  staphylococcal  enterotoxins, 
which  stimulate  T  cells  only  in  the  presence  of  APC. 

Autologous  Antigen-Presenting  Cells  (APC) 

For  proliferation  studies,  APC  consisted  of  PBMC  that  were  inactivated 
with  0.8%  paraformaldehyde.  For  cytokine  studies,  APC  consisted  of  cells  that 
did  not  form  rosettes  after  two  treatments  with  NA-SRBC.  APC  were  plated  at 
2.8  x  106  cells/ml.  To  insure  inactivation  with  paraformaldehyde  was  complete, 
APC  were  tested  for  possible  proliferation  using  anti-IgM  and  Con  A. 

Synthetic  Nef  Peptides  and  Antibodies  to  Nef  Peptides 

The  sequences  of  the  peptides  used  are  listed  in  Table  III.  Peptides 
were  purified  by  reverse  phase  high  performance  liquid  chromatography. 
Polyclonal  antibodies  to  Nef  peptides  were  generated  in  rabbits.  Anti-peptide 
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antibodies  were  tested  for  their  relative  abilities  to  neutralize  Net  mitogenic 
activity  by  incubating  Nef  with  antibodies  at  37°C  for  60  minutes  prior  to 
addition  of  PBMC.  Antibodies  to  both  Nef(123-160)  and  Nef(1 82-206)  showed 
strong  reactivity  to  whole  recombinant  Nef  protein,  and  these  combined 
antisera  had  significant  neutralizing  activity  against  Nef.  Nef  was  treated  with 
preimmune  sera  as  control. 

Cytokine  Production  and  Assays 

PBMC  were  plated  at  10^  cell/ml  into  wells  of  24-well  plates  (Corning 
Corp.,  Corning,  NY).  Activators  were  added  and  final  volumes  were  adjusted  to 
300  u.l/well.  Cultures  were  incubated  at  37°C  over  a  96  h  period  and  samples 
(100  u.l)  were  obtained  at  24  h  intervals.  Cell  cultures  were  replenished  with 
RPMI/5%  FBS  (100  u.l)  after  obtaining  samples.  Culture  supernatants  were 
tested  for  interleukin  2  (IL  2)  using  the  IL  2-dependent  HT-2  cell  line  (Ho  et  al., 
1987).  The  amounts  of  IL  2  present  in  culture  supernatants  were  determined 
using  recombinant  human  IL  2  (Genzyme,  Cambridge,  MA)  as  a  standard. 
Samples  were  tested  for  interferon  (IFN)  activity  on  human  WISH  cells  by  a 
microplaque  reduction  method  (Langford,  et  al.,  1978b),  using  approximately 
40  plaque-forming  units  (PFU)  of  vesicular  stomatitis  virus  (VSV)  per  well.  In 
our  studies,  1  U/ml  of  IFN  is  defined  as  the  concentration  required  to  decrease 
the  number  of  PFU  per  well  by  50%. 

IFN  activity  was  typed  by  neutralization  reactions  with  specific  antisera, 
as  described  (Johnson  et  al.,  1982).  Briefly,  samples  were  pretreated  with  1000 
neutralizing  units  of  either  anti-human  IFNa  (Lee  Biomolecular,  San  Diego,  CA) 
or  anti-human  IFNy  (Genzyme,  Cambridge,  MA).  Controls  were  sham-treated 
with  EMEM/2%  FBS.  The  neutralizing  activity  of  anti-IFN  antisera  was 
confirmed  using  HulFNa  (Lee  Biomolecular,  San  Diego,  CA)  and  HulFNy 
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(Genzyme,  Cambridge,  MA)  as  positive  controls.  Samples  were  incubated  at 
37°C  for  1  h  prior  to  transfer  to  confluent  human  WISH  cells.  Residual  IFN 
activity  in  sham-  and  antiserum-treated  samples  was  measured  as  described 
above. 

Studies  on  VB-Specific  T  Cell  Expansion  and  Induction  of  Anerav 

PBMC  cultured  in  the  presence  of  Nef,  TSST-1 ,  and  ConA  were  tested 
by  flow  cytometry  for  specific  Vp  expansion  as  previously  described  (Soos  and 
Johnson,  1994)  using  a  panel  of  anti-Vp  antibodies.  Induction  of  anergy  in  vitro 
by  Nef,  TSST-1,  and  ConA  was  also  assessed  with  anti-Vp  antibodies  as 
described  (Schiffenbauer  et  al.,  1993).  Antibodies  to  Vp5a,  Vp5b,  Vp5c,  Vp6a, 
Vp8a,  and  Vp12  were  obtained  from  T  Cell  Sciences,  Inc.,  Cambridge,  MA. 
Antibodies  to  Vp2,  Vp3,  Vp13,  Vp17,  Vp18,  Vp21 ,  and  Vp22  were  purchased  from 
Immunotech,  Marseilles,  France. 


Results 

Nef  Proliferative  Response 

Recombinant  Nef  proteins  from  two  sources  were  tested  for  proliferative 
activity.  One  Nef  preparation  (referred  to  as  Nef  1)  was  purified  and  kindly 
provided  by  Dr.  Taishi  Tanabe  in  the  laboratory  of  Dr.  Howard  M.  Johnson.  This 
Nef  preparation  was  compared  to  purified  Nef  from  Repligen  (Nef  2).  Both  Nef 
protein  preparations,  which  are  derived  from  the  HIVlav  sequence,  induced 
similar  levels  of  proliferation  (Figure  11).  Nef  proteins  from  both  sources  were 
pure  and  neither  preparation  contained  detectable  levels  of  endotoxin.  Thus, 
Nef  proteins  from  both  sources  had  similar  proliferative  activity,  and  the 
proliferation  observed  was  significant.    Nef  from  these  two  sources  were 
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Figure  11.  Comparison  of  the  mitogenic  activities  of  Nef  protein 
preparations.  Two  Nef  preparations, Nef  1  and  Nef  2,  were  compared  for 
proliferative  activities  on  human  PBMC.  Data  are  from  a  representative 
experiment,  performed  in  triplicate,  and  are  expressed  as  mean  stimulation 
index  ±  S.D..  Comparison  of  the  proliferation  of  PBMC  cultured  for  4  days  in  the 
presence  of  either  Nef  1  or  Nef  2.  The  mean  value  for  3H-thymidine 
incorporation  by  unstimulated  cultures  was  900+67. 
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subsequently  used  in  these  studies.  The  possibility  was  raised  that  the 
proliferative  activity  ascribed  to  Net  was  due  to  a  contaminant  in  the 
recombinant  preparation.  As  a  control,  the  proliferative  activity  of  the  Nef  fusion 
partner,  MBP,  was  also  assessed.  No  proliferation  was  observed  with  MBP 
(Figure  12).  Further,  polyclonal  antisera  generated  against  Nef  synthetic 
peptides  were  tested  for  neutralizing  activity.  As  shown  in  Table  V,  anti-Nef 
antibodies  significantly  reduced  Nef-induced  proliferative  responses.  Antibody 
neutralization  of  Nef  activity  occurred  in  a  dose-dependent  manner.  These  data 
confirm  that  the  proliferative  activity  seen  in  these  studies  is  due  to  Nef  protein, 
and  not  to  a  vector-derived  contaminant. 

Nef  was  also  tested  for  the  ability  to  induce  proliferation  of  PBMC  from 
fifteen  donors.  Results  from  a  representative  sample  of  ten  donors  are  shown  in 
Figure  13.  Nef  induced  significant  proliferation  in  90%  of  the  donors  tested. 
Variation  in  the  Nef  response  was  seen,  similar  to  the  responses  to  the  potent 
staphylococcal  enterotoxin,  SEA.  It  is  unlikely  that  these  donors  were 
sensitized  to  Nef,  since  they  tested  negative  for  HIV-1.  Similar  results  were 
obtained  using  purified  recombinant  Nef  protein  preparations  from  two  different 
sources,  and  which  used  different  expression  systems  (see  Materials  and 
Methods  in  this  chapter).  The  high  number  of  donors  that  responded  to  Nef 
indicates  Nef  protein  has  similar  mitogenic  activity  to  SEA  for  PBMC  from  a 
wide  sampling  of  donors. 

Antigen-Presenting  Cells  (APC)  Are  Required  for  Nef  Activity 

The  question  arose  as  to  whether  Nef,  like  SEA,  requires  APC  in  order  to 
stimulate  lymphocyte  proliferation.  Nef  induced  significant  proliferation  in 
PBMC  (Figure  14).  Purified  T  cell  cultures  did  not  proliferate  in  response  to  Nef 
or  to  SEA.   Purified  APC,  which  contained  monocytes  and  B  cells,  did  not 
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Nef  MBP 
PBMC  stimulated  with  Nef  or  E.  coli  MBP: 


Figure  12.  Lack  of  proliferation  by  PBMC  in  response  to  the  Nef  fusion  partner 
MBP.  MBP  and  Nef  were  used  at  3  ng/ml.  Data  are  expressed  as  mean 
stimulation  index  ±  SD.  The  mean  values  for  ^H-thymidine  incorporation  by 
unstimulated  cultures  in  eperiments  1  and  2  were  852±39  CPM  and  1093±136 
CPM,  respectively. 
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Table  V. 

Ability  of  anti-peptide  antibodies  to  block  Nef-induced  proliferation 


PBMC  cultured  Anti-Nef  Stimulation  Index0 

in  the  presence  ofa:        antibodies0  (Mean  ±  SD)  p  value 


Nef 

Nef  + 
SEA 

SEA  + 


4.7  ±  0.2 

1.3  ±0.1  <0.001 
59.7  ±2.6 

62.0  ±0.6  >0.15 
0.9  ±  0.4 


aNef  (3  ^ig/ml)  and  SEA  (0.3  u.g/ml)  were  incubated  with  anti-Nef  antibodies  for 
60  minutes  prior  to  addition  of  PBMC. 

bA  mixture  of  antisera  to  Nef(123-160)  peptide  and  Nef(1 82-206)  peptide  were 
used,  each  at  a  final  dilution  of  1:1000.  Preimmune  sera  had  no  effect.  Both 
anti-Nef(123-160)  and  anti-Nef(  182-206)  had  strong  reactivity  to  Nef  protein  by 
ELISA. 

cData  are  from  a  representative  experiment  performed  in  triplicate. 


56 


Figure  13.  Nef-induced  proliferative  responses  from  a  representative  sampling 
of  donors.  PBMC  of  blood  bank  donors  were  tested  for  proliferation  induced  by 
SEA  or  Nef.  SEA  and  Nef  were  used  at  300  ng/ml.  Mean  values  for  3H- 
thymidine  incorporation  by  unstimulated  cultures  ranged  from  352±86  CPM  to 
1983±274  CPM. 
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Figure  14.  Nef-induced  activation  of  T  cells  requires  APC  but  does  not  require 
processing  of  Nef.  Unfractionated  PBMC,  purified  APC  alone,  purified  T  cells 
alone,  and  purified  T  cells  in  the  presence  of  APC  were  tested  for  proliferation 
in  response  to  Nef,  SEA,  and  Con  A.  Data  are  from  a  representative 
experiment,  performed  in  triplicate,  and  are  expressed  as  mean  stimulation 
index  ±  S.D.  Purified  T  cells  were  reconstituted  with  paraformaldehyde- 
inactivated  APC.  Con  A  was  used  at  10  ug/ml.  Nef  and  SEA  were  both  used  at 
100  ng/ml. 
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respond  to  stimulation  by  either  Nef  or  SEA.  Upon  reconstitution  with 
paraformaldehyde-inactivated  autologous  APC,  significant  Nef-induced 
proliferation  of  T  cells  occurred,  with  essentially  complete  reconstitution  of  the 
response.  Similar  proliferative  responses  were  obtained  using  cells  from  other 
donors.  Thus,  T  cells  responded  to  Nef  stimulation  only  in  the  presence  of 
autologous  APC,  and  Nef  does  not  require  processing  to  be  presented  by  APC. 
These  results  indicate  that  Nef-induced  proliferation  required  APC  in  a  manner 
reminiscent  of  SEA. 

NefM23-160^  Peptide  Specifically  Blocks  Proliferation  of  PBMC  Induced  bv  Nef 
and  SEA 

As  shown  in  Chapter  3,  a  synthetic  peptide  corresponding  to  an  internal 
Nef  sequence,  Nef(123-160),  blocked  binding  of  Nef  and  SEA  to  Raji  cells.  It 
was  important  to  determine  if  this  peptide  could  also  block  proliferation  induced 
by  Nef  and  SEA.  The  results  of  this  study  are  presented  in  Figure  15.  Nef(123- 
160)  blocked  both  Nef-induced  and  SEA  induced  proliferation,  consistent  with 
its  ability  to  block  binding  of  Nef  and  SEA  to  Raji  cells.  Further,  the  blocking 
was  specific  in  that  proliferation  induced  by  the  T  cell  mitogens  Con  A  and  anti- 
CD3,  or  the  B  cell  mitogen  anti-IgM,  were  not  blocked  by  Nef(123-160). 
Nef(157-186),  whose  sequence  slightly  overlaps  that  of  Nef(123-160),  had  no 
effect  on  the  proliferative  effects  of  either  Nef,  SEA,  or  Con  A.  These  results 
confirm  that  the  proliferative  responses  observed  in  PBMC  cultures  were 
specific  for  Nef,  and  were  not  due  to  a  contaminant.  Thus,  proliferative 
responses  to  Nef  and  SEA  were  specifically  blocked  by  a  peptide 
corresponding  to  the  region  on  Nef  that  binds  to  class  II  antigens  and  which 
blocks  binding  of  Nef  and  the  superantigen  SEA. 
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Figure  15.  Nef(123-160)  peptide  specifically  blocks  proliferation  of  PBMC 
induced  by  Nef  and  SEA.  PBMC  cultures  were  stimulated  for  96  h  with 
mitogens  in  the  absence  of  peptides  or  in  the  presence  of  either  Nef(123-160) 
peptide  or  Nef(157-186)  peptide.  Data  are  from  a  representative  experiment, 
performed  in  triplicate,  and  are  expressed  as  mean  stimulation  index  ±  SD.  Nef 
and  SEA  were  used  at  300  ng/ml.  Anti-IgM  and  anti-CD3  were  used  at  10 
|ig/ml.  Peptides  were  used  at  a  final  concentration  of  100  jiM.  The  mean  value 
for  ^H-thymidine  incorporation  by  unstimulated  cultures  was  1005±37  CPM. 
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Induction  of  T  Cell  Cytokines  bv  Nef 

T  cell  activation  by  the  staphylococcal  superantigens  results  in  the 
prodigious  production  of  T  cell  cytokines,  such  as  IL  2  and  IFNy.  Because  of  the 
significant  T  cell  proliferation  induced  by  Nef,  it  was  determined  if  Nef  induced 
Thelper  cell  cytokines.  The  results  of  a  representative  experiment  are 
presented  in  Table  VI.  Consistent  with  proliferation  data,  Nef  induced 
significant  levels  of  IL  2,  although  IL  2  levels  were  lower  than  those  induced  by 
SEA.  The  question  arose  as  to  the  ability  of  Nef  to  also  induce  another 
important  T  helper  cell  cytokine,  IFNy.  Samples  were  removed  from  cultures  of 
cells  over  the  course  of  96  h  and  tested  for  IFN  antiviral  activity.  Nef  induced 
high  levels  of  IFN  activity,  with  peak  production  occurring  by  96  h  (Figure  16, 
Panel  A).  IFN  levels  were  lower  than  those  induced  by  SEA,  but  were  similar 
than  those  induced  by  Con  A.  Purified  T  cells  did  not  produce  IFN  upon 
stimulation  with  either  Nef  or  SEA  (Figure  16,  Panel  B).  However,  purified  T  cell 
cultures  were  capable  of  producing  IFN  upon  Con  A  stimulation.  No  IFN  activity 
was  produced  in  cultures  of  APC  (consisting  of  B  cells)  stimulated  with  either 
Nef,  SEA,  or  Con  A.  Purified  T  cell  cultures  reconstituted  with  purified  B  cells  for 
antigen  presentation  produced  significant  levels  of  IFN  upon  either  Nef  or  SEA 
stimulation  (Figure  16,  Panel  C).  These  results  are  consistent  with  T  cell 
mitogen  activity  for  both  Nef  and  SEA. 

The  type  of  IFN  activity  induced  by  Nef  was  determined  by  neutralization 
reactions  with  specific  antisera.  Treatment  of  Nef-induced  IFN  with  anti-IFNy 
resulted  in  a  significant  reduction  of  activity  (Table  VII).  Antisera  to  IFNa  did  not 
affect  the  IFN  activity  in  these  samples.  Consistent  with  previous  data  (Langford 
et  al.,  1978a;  Johnson  et  al.,  1982),  the  IFN  activity  induced  by  SEA  was 
IFNy.  Similar  to  the  results  found  with  unfractionated  PBMC,  the  IFN  produced 
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Table  VI. 
IL  2  production  induced  by  Nef. 


IL  2  (U/ml)  produced  atb: 
Mitogen3  48  h  96  h 


Nef  14.7  ±0.1  16.9  ±1.1 

SEA  17.2  ±0.7  24.7  ±1.8 

None  <3  <3 


aSamples  were  obtained  from  PBMC  cultures  which  had  been 
stimulated  with  Nef  and  SEA  at  300  ng/ml  and  500  ng/ml, 
respectively. 

bIL  2  in  culture  samples  were  determined  using  IL  2-dependent 
HT-2  cells.  The  data  presented  are  from  a  representative 
experiment  performed  in  triplicate. 
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Figure  16.  Kinetics  of  IFN  production  induced  by  Nef.  Cultures  of  PBMC  (Panel 
A),  purified  T  cells  (Panel  B),  and  reconstituted  cultures  of  purified  APC  and 
purified  T  cells  (Panel  C)  were  tested  for  IFN  production  at  24,  48,  72,  and  96  h. 
Cultures  were  stimulated  with  either  Nef  at  100  ng/ml,  SEA  at  100  ng/ml,  or  Con 
A  at  10  M-g/ml,  or  were  left  unstimulated.  Cultures  of  purified  APC  produced  <10 
U/ml  IFN  at  all  timepoints. 
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Table  VII. 
IFNy  is  induced  by  Net. 

Samples  from  PBMC  IFN  titer  (U/ml)  after  treatment  with: 

cultures  stimulated  with:  EMEM        anti-IFNa  anti-IFNy 


Nef  300  300  20 

SEA  300  300  30 

Con  A  300  300  100 

IFNa  Control  300  <3  300 

IFNy  Control  30  30  <3 
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by  T  cell  cultures  reconstituted  with  B  cells  in  response  to  Nef  was  IFNy.  Thus, 
Nef  induced  high  levels  of  IFNy  in  cultures  of  PBMC,  indicating  that  Nef 
activates  T  cells  to  produce  the  cytokines  IL  2  and  IFNy,  lymphokines  that  are 
products  of  activated  T  helper  1  cells. 

PBMC  cultured  in  the  presence  of  Nef  were  tested  for  specific  Vp 
expansion  and  anergy  in  vitro.  No  expansion  of  specific  Vp  populations  was 
observed  with  the  anti-Vp  antibodies  used  (data  not  shown).  Unlike 
pretreatment  with  TSST-1 ,  which  anergized  the  response  to  anti-Vp2,  Nef  did 
not  significantly  anergize  the  responses  of  T  cells  to  the  tested  anti-Vp 
antibodies  (data  not  shown).  Thus,  no  specific  Vp  expansion  or  anergy  was 
detected  using  the  available  human  Vp  reagents. 

Discussion 

Nef  protein  induced  significant  levels  of  proliferation  in  unfractionated 
PBMC  from  a  number  of  donors.  The  observed  Nef  responses  were  significant, 
with  proliferation  induced  in  cells  from  a  large  majority  (85-90%)  of  the  donors 
tested.  It  is  unlikely  that  prior  sensitization  to  Nef  is  responsible  for  the 
proliferative  response,  since  these  donors  were  negative  for  HIV.  The  following 
evidence  points  to  Nef  as  the  inducer  of  the  observed  proliferation:  1) 
proliferation  was  observed  using  recombinant  Nef  from  three  different 
expression  systems;  2)  antibodies  to  synthetic  Nef  peptides  neutralized  the 
proliferative  activity  of  Nef;  3)  the  Nef  fusion  partner,  MBP,  did  not  induce 
proliferation;  and  4)  a  synthetic  peptide,  Nef(123-160),  previously  shown  to 
block  binding  of  superantigens  to  MHC  class  II,  blocked  the  Nef-induced 
proliferative  responses.  Nef  induced  proliferation  was  generally  lower  than  that 
induced  by  SEA.  This  is  not  unusual  in  that  SEA  is  extremely  potent,  causing 
proliferation  at  concentrations  as  low  as  10"16  M  (Langford  et  al.,  1978a). 
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Proliferation  induced  by  Nef  occurred  only  in  the  presence  of  APC. 
Cultures  of  purified  APC  or  purified  T  cells  did  not  respond  to  Nef.  T  cells 
cultured  in  the  presence  of  inactivated  autologous  APC  proliferated  to  a  similar 
extent  to  that  seen  in  unfractionated  cultures.  These  data  suggest  that  Nef  is 
presented  to  T  cells  by  APC  in  an  unprocessed  form.  The  production  of  the  T 
helper  1  lymphokines  IL  2  and  IFNy  from  Nef-induced  cultures  is  evidence  that 
Nef  activates  T  helper  1  cells. 

In  Chapter  III,  data  was  presented  showing  that  Nef  binds  to  Raji  cells  at 
a  site(s)  involved  in  SEA  binding.  A  peptide  corresponding  to  an  internal 
region  of  Nef,  Nef(123-160),  specifically  bound  to  DR  1 -transfected  L  cells  and 
blocked  proliferation  induced  by  Nef  and  SEA,  evidence  that  Nef  binds  to  MHC 
class  II  antigens.  Con  A-induced  proliferation  was  not  affected  by  Nef(123- 
160).  This  region  of  Nef  was  shown  to  be  involved  in  binding  of  Nef  to  Raji 
cells.  These  functional  data  suggest  that  binding  to  MHC  class  II  antigens  is 
required  for  Nef  proliferative  activity.  Binding  of  Nef  to  MHC  class  II  occurs  on 
APC,  since  Nef  proliferative  activity  also  requires  presentation,  but  not 
processing,  by  APC.  However,  these  data  do  not  preclude  Nef  presentation  by 
T  cells  expressing  HLA-DR,  a  T  cell  activation  marker. 

Superantigenic  activity  of  Nef  was  not  observed  using  the  anti-Vp  mAb 
currently  available.  Neither  Vp-specific  expansion  or  anergy  were  observed. 
Further,  preliminary  results  using  reverse  transcriptase-polymerase  chain 
reaction  (RT-PCR),  which  quantifies  the  amount  of  mRNA  produced,  did  not 
show  a  Vp  preference  in  Nef-activated  cells.  These  results  raise  a  question  on 
the  nature  of  Nef  receptor  on  T  cells,  and  it  is  tempting  to  speculate  on  possible 
candidates  such  as  TCR  or  CD4. 

Nef  induces  human  B  cells  to  differentiate  into  immunoglobulin  secreting 
cells  (Chirmule  et  al.,  1994).   HLA-DR  and  adhesion  molecules  seem  to  be 
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involved  in  Nef-induced  B  cell  differentiation,  since  monoclonal  antibodies  to 
these  surface  proteins  abrogated  Nef-induced  responses.  Consistent  with  the 
findings  on  T  cell  activation  by  Nef,  B  cell  differentiation  induced  by  Nef 
required  T  cells.  In  addition  to  activating  T  cells,  staphylococcal  superantigens 
have  also  been  shown  to  induce  B  cell  differentiation  (Stohl  et  al.,  1994).  Thus, 
additional  parallels  can  be  drawn  between  the  functional  activities  of 
staphylococcal  superantigens  and  Nef. 

It  has  been  shown  that  HIV  requires  activated  T  cells  in  which  to 
replicate.  Specific  antiviral  immune  responses  may  not  be  sufficient  to  activate 
large  numbers  of  T  cells.  For  this  reason,  the  identification  of  an  HIV  protein 
that  induces  T  cell  proliferation  is  of  considerable  interest  and  may,  in  part, 
explain  the  role  of  Nef  in  HIV  pathogenesis.  Activation  of  T  cells  may  result  from 
interaction  with  Nef,  either  in  soluble  form  released  from  lysed  infected  cells  or 
as  a  cell-associated  complex  with  HLA-DR  on  the  surface  of  infected  T  cells.  T 
cell  activation  by  Nef  could  result  in  a  stable  cellular  reservoir  for  virus 
production  as  a  result  of  continuous  stimulation.  In  fact,  hyperimmunization 
against  Nef  has  been  proposed  as  a  means  of  reducing  viral  load,  either 
prophylactically  or  therapeutically  (Montagnier,  1995). 

The  T  cell  expansion  observed  in  response  to  Nef  may  not  be  the  only 
mechanism  of  polyclonal  activation  of  CD4+  T  cells  for  HIV  replication.  Recent 
evidence  points  to  a  superantigen  encoded  by  the  human  herpesvirus, 
cytomegalovirus  (CMV),  that  expands  Vpl2-bearing  T  cells,  thereby  enhancing 
HIV  replication  in  CMV-infected  individuals  (Dobrescu  et  al.,  1995).  It  is  not 
surprising  that  no  expansion  of  Vpl2-bearing  T  cells  was  observed  in  response 
to  Nef,  since  the  donors  used  in  the  studies  discussed  in  this  chapter  were 
negative  for  CMV.  This  versatility  in  polyclonal  CD4+  T  cell  expansion  via  the 
endogenous  mitogen  Nef  and  exogenous  superantigens  such  as  that  of  CMV 
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probably  play  an  important  role  in  HIV  pathogenesis.  Clearly,  the  control  of  the 
mitogenic  activity  of  these  substances  should  help  reduce  the  viral  load  in  HIV- 
infected  individuals. 


CHAPTER  V 

HIV  ENCODES  FOR  ITS  OWN  CD4  T  CELL  MITOGEN 


Introduction 

Nef  protein  is  encoded  in  the  genomes  of  both  HIV-1  and  the  related 
primate  virus  simian  immunodeficiency  virus  (SIV).  The  function  that  Nef  plays 
in  the  pathogenesis  of  these  viruses  is  uncertain,  although  its  importance  is 
reflected  in  studies  in  which  a  nef-deleted  SIV  mutant  did  not  cause  disease 
and  protected  against  infection  with  the  pathogenic  wildtype  strain  (Daniel  et 
al.,  1992).  Further,  the  viral  load  in  SIV  mutant-infected  animals  was 
considerably  lower  than  in  animals  infected  with  the  wildtype  strain.  However, 
challenge  of  neonatal  macaques  with  the  same  attenuated  SIV  strain  caused 
disease  and,  in  some  cases,  death  (Baba  et  al.,  1995).  The  different  outcomes 
of  these  two  studies  may  involve  differences  in  the  immune  system 
development  between  neonates  and  adults. 

In  Chapter  IV,  data  was  presented  on  the  ability  of  Nef  protein  to  induce 
proliferation  of  human  peripheral  blood  mononuclear  cells  (PBMC)  from  a  wide 
sampling  of  HIV-negative  donors.  Proliferative  responses  were  T  cell  specific 
and  were  accompanied  by  production  of  cytokines  such  as  interleukin  2  (IL  2) 
and  gamma  interferon  (IFNy),  indicative  of  CD4  T  cell  activation.  Nef-induced  T 
cell  proliferation  and  activation  required  the  presence  of  antigen-presenting 
cells.  These  results  are  interesting  in  that  T  cell  activation  has  been  shown  to 
be  required  for  active  HIV  replication.  Further,  although  resting  or  quiescent  T 
cells  can  be  infected,  evidence  suggests  that  HIV  replication  only  occurs  upon 
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subsequent  cellular  activation.  Herein,  work  is  described  that  indicates  that  Net 
activation  of  T  cells  is  sufficient  for  HIV  replication.  These  results  show  that  Net 
is  an  HIV-encoded  mitogen  that  helps,  at  least  in  part,  in  establishing  a  cellular 
reservoir  for  virus  replication. 

Materials  and  Methods 
PBMC  Cultures  for  HIV  Infectivitv  Studies 

PBMC  were  isolated  from  peripheral  blood  of  healthy  adult  donors  as 
described  in  Chapter  IV.  PBMC  were  resuspended  in  RPMI  1640  medium 
containing  5%  FBS  and  cultured  in  25  cm2  flasks  (Sarstedt  Inc.,  Newton,  NC)  at 
a  concentration  of  2  x  106  cells/ml  in  a  final  volume  of  4  ml  (or  8  x  106 
cells/flask).  Mitogens  were  added  at  the  initiation  of  cultures.  Nef,  SEA,  and 
PHA  were  used  at  3  ng/ml,  0.1  |xg/ml,  and  10  ug/ml,  respectively.  After  four 
days,  PBMC  were  washed  extensively  in  PBS,  resuspended  in  RPMI  1640 
medium  containing  10%  FBS,  10'6  M  2-mercaptoethanol,  and  10  U  rHulL  2/ml. 
IL  2  is  rapidly  depleted  in  these  cultures,  and  thus  rHulL  2  was  added  to 
medium.  Cells  were  counted  and  all  cultures  were  adjusted  to  8  x  106 
cells/flask.  Cultures  were  infected  with  HIV  at  a  final  reverse  transcriptase  titer 
of  20,000  CPM/ml.  Culture  supernatants  were  harvested  and  cells  were  fed 
with  fresh  medium  every  third  day  for  12  days. 

PBMC  Cultures  for  Proliferation  Assays 

Concomitant  with  infectivity  studies,  PBMC  were  cultured  in  microtiter 
plates  to  monitor  proliferation  in  response  to  Nef  and  mitogens.  The  culture 
conditions  were  the  same  as  those  described  in  Chapter  IV.  Nef  and  mitogens 
were  used  at  the  same  concentrations  as  described  above.  Stimulation  indices 
were  calculated  as  described  in  Chapter  IV. 
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Reverse  Transcriptase  (RT)  Assay 

Harvested  culture  supernatants  (1  ml)  were  placed  in  1.5  ml  "Eppendorf" 
tubes  and  centrifuged  at  17,000  rpm  for  70  minutes.  A  cocktail  containing  Mg++ 
as  the  divalent  cation,  poly(rA)oligo(dTi2-i8)  as  template  primer,  and  2.5  uCi  of 
(3H)TTP  per  sample  was  used  to  resupend  the  virus.  Tubes  were  incubated  at 
37°C  for  60  minutes,  after  which  time  samples  were  blotted  onto  filter  paper 
discs.  Discs  were  allowed  to  air-dry  and  were  washed  extensively  in  sequential 
baths.  Specifically,  discs  were  washed  twice  in  1 0%  trichloroacetic  acid  (TCA) 
for  15  and  5  minutes,  respectively.  Discs  were  then  placed  in  5%  TCA 
containing  0.1%  SDS  for  5  minutes.  Finally,  the  discs  were  washed  in  95% 
ethanol,  after  which  they  were  allowed  to  air-dry.  Discs  were  placed  in  vials 
containing  scintillation  fluid  and  radioactivity  was  quantified  on  a  (3-scintillation 
counter. 

ELISA  for  HIV  p24  Antigen 

Levels  of  p24  antigen  in  infected  culture  supernatants  were  assessed 
using  a  sandwich  ELISA  (DuPont,  Boston,  MA).  Levels  of  p24  (in  ng/ml)  were 
quantified  according  to  the  Manufacturer's  recommendations  based  on  a 
standard  curve  using  purified  p24  antigen  (provided  by  Manufacturer). 

Assay  for  Infectious  Virus  from  PBMC  Cultures 

Supernatants  from  PBMC  cultures  infected  for  6  days  with  HIV  were  used 
to  assess  the  titer  of  infectious  virus  produced  in  these  cultures.  Supernatants 
were  adjusted  to  achieve  RT  titers  of  12,000  CPM/ml  and  added  to  SEA- 
stimulated  PBMC  cultures.  Culture  conditions  were  the  same  as  those 
described  above.  RT  activity  at  Day  9  of  cultures  was  assessed  as  described 
above. 
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Fluorescent  Antibody  Cell  Sorter  (FACS)  Analysis  of  Nef-Activated  Cells 

PBMC  were  stimulated  for  4  days  with  either  Nef  (3ng/ml)  or  SEA  (0.1 
fxg/ml).  PBMC  were  washed  and  resuspended  in  FACS  buffer  containing  0.5% 
BSA  and  10  mM  sodium  azide.  Cells  were  incubated  with  fluorescein-labeled 
mAb  to  HLA-DR  for  45  minutes  and  washed  with  FACS  buffer.  Cells  were  then 
incubated  with  phycoerythrin-labeled  mAbs  to  either  CD4  or  IL  2  receptor  (IL 
2R)  for  45  minutes.  Cells  were  washed  and  analyzed  on  a  FACScan  (Becton- 
Dickinson,  Mountain  View,  CA)  at  10,000  events/sample.  All  mAbs  used  were 
obtained  from  Becton-Dickinson,  San  Jose,  CA. 

Studies  on  Proliferation  of  PBMC  Induced  by  Autologous  HIV-infected  Cells 

PBMC  cultures  were  stimulated  as  described  above.  PBMC  were 
infected  with  HIV  for  6  days,  at  which  time  the  cells  were  washed  and 
inactivated  by  overnight  treatment  with  2%  paraformaldehyde.  Inactivated  HIV- 
infected  cells  were  washed  extensively  to  remove  excess  paraformaldehyde. 
Fresh  autologous  PBMC  were  cultured  in  microtiter  plates  in  the  presence  of 
inactivated  HIV-infected  cells  at  a  ratio  of  3:1.  After  4  days,  3H-thymidine 
incorporation  was  assessed  as  described  above. 

Anti-Nef  Peptide  Antibodies 

A  mixture  of  antibodies  to  Nef(123-160)  peptide  and  Nef(1 82-206) 
peptide  were  used  to  block  proliferation  in  response  to  autologous  HIV-infected 
cells.  Antibodies  were  each  used  at  a  final  dilution  of  1:1000,  as  described  in 
Chapter  IV.  Inactivated  HIV-infected  cells  were  treated  with  antibodies  for  60 
minutes  prior  to  addition  of  fresh  autologous  PBMC.  Preimmune  sera  were 
used  and  had  no  effect  on  proliferation  induced  by  HIV-infected  cells. 
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Results 

HIV  Replication  in  Nef-Stimulated  PBMC  Cultures 

Since  T  cell  activation  occurs  with  exogenous  Net  protein,  the  question 
arose  as  to  whether  Net  stimulation  of  PBMC  was  sufficient  to  induce  HIV-1 
replication.  To  this  end,  PBMC  of  several  HIV-negative  donors  were  tested  for 
proliferation  induced  by  Nef  and  other  T  cell  mitogens  (Table  VIII).  Consistent 
with  previous  data,  PBMC  from  most  of  the  donors  proliferated  significantly  in 
response  to  Nef  protein,  as  well  as  to  the  T  cell  mitogens  SEA  and 
phytohemagglutinin  A  (PHA). 

Unstimulated  and  mitogen-stimulated  PBMC  were  infected  with  HIV-1 
and  cultures  were  monitored  over  a  12-day  period  for  signs  of  viral  replication. 
Supernatants  from  unstimulated  PBMC  showed  only  marginal  reverse 
transcriptase  (RT)  activity  and  p24  antigen  production  (Table  VIII).  RT  and  p24 
antigen  levels  were  high  in  cells  stimulated  with  T  cell  mitogens,  in  particular 
SEA.  Interestingly,  Nef-stimulated  cells  produced  moderate  to  high  levels  of  RT 
and  p24  antigen,  indicating  that  these  cells  were  capable  of  sustaining  virus 
replication.  In  an  attempt  to  quantify  the  number  of  infected  cells  in  these 
cultures,  PCR  analysis  of  serially-diluted  DNA  was  performed  using  nested 
primers  for  the  gag  gene.  Results  indicated  10-  to  30-fold  increases  in  the 
number  of  cells  harboring  virus  in  Nef-stimulated  cultures,  as  compared  to 
unstimulated  controls.  These  data  indicate  that  Nef  stimulation  resulted  in  a 
large  number  of  infected  cells  and  a  concomitant  increase  in  viral  load. 

Infectious  Virus  Is  Produced  by  Nef-Stimulated  Cultures 

As  a  means  of  determining  whether  the  virus  produced  by  Nef-stimulated 
was  infective,  supernatants  from  HIV-infected  cultures  were  tested  for 
reinfectivity.    SEA-stimulated  PBMC  were  infected  with  virus  from  6-day 
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supernatants  of  cultures  stimulated  with  Nef,  SEA,  and  PHA.  All  supernatants 
were  adjusted  to  achieve  equivalent  RT  units  per  culture.  The  results  of  two 
representative  experiments  are  shown  in  Figure  17.  Supernatants  from  Nef- 
stimulated  cultures  had  high  titers  of  infectious  virus  similar  to  supernatants 
from  cultures  stimulated  with  SEA  and  PHA.  These  results  indicate  that  virus 
replication  in  Nef-stimulated  cultures,  like  the  replication  in  SEA-  and  PHA- 
stimulated  cultures,  yielded  infectious  virus. 

Nef-Stimulated  PBMC  Express  T  Cell  Activation  Markers 

It  has  been  shown  that  HIV  requires  activated  T  cells  for  virus  replication. 
Cellular  activation  was  investigated  by  double-staining  FACS  analysis  of  Nef- 
stimulated  cells  using  antibodies  to  CD4  and  HLA-DR  (Table  IX).  Increased 
levels  of  dually-stained  cells  were  observed  in  cultures  of  PBMC  stimulated  with 
Nef  protein,  as  compared  to  unstimulated  cultures.  HLA-DR  expression  on 
CD4+  human  T  cells  has  been  shown  to  correlate  with  an  activated  T  cell  state. 
No  increase  was  seen  in  cells  that  stained  for  CD8,  either  alone  or  in 
conjunction  with  HLA-DR.  These  results  are  consistent  with  our  previous 
studies  showing  production  of  T  helper  cytokines  upon  stimulation  with  Nef. 
Thus,  stimulation  of  PBMC  with  Nef  protein  induces  activation  of  T  helper  cells. 

Expression  of  Nef  by  HIV-infected  Cells 

Culture  supernatants  of  infected  cells  were  tested  for  soluble  Nef  and  none 
could  be  detected,  suggesting  that  release  of  soluble  Nef  may  not  be  occurring 
in  these  cultures.  However,  it  has  been  shown  that  Nef  is  expressed  on  the 
surface  of  infected  cells  (Fujii  et  al.,  1993).  This  leads  to  the  question  of 
whether  Nef,  in  association  with  the  extracellular  membrane  of  infected  cells, 
plays  a  role  in  the  activation  event(s)  required  for  continuous  HIV  replication. 
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Figure  17.  Infectivity  assay  on  supernatants  from  Nef-stimulated  HIV-infected 
cultures. 
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Table  IX 

Nef-induced  activation  of  T  cells  as  assessed  by  FACS 


%  Total  of  dually-stained  populations 
Cultures  from:  CD4  +  HLA-DR       CD4  +  IL  2  R 


Donor  206 

Unstimulated  3.17  N.D.C 

Nef-stimulated  7.39  N.D. 

SEA-stimulated  29.46  N.D. 

Donor  213 

Unstimulated  6.65  N.D. 

Nef-stimulated  16.74  N.D. 

Donor  214 

Unstimulated  3.45  N.D. 

Nef-stimulated  11.15  N.D. 

Donor  215 

Unstimulated  N.D.  7.75 

Nef-stimulated  N.D.  10.55 


Donor  216 

Unstimulated 
Nef-stimulated 


1.52 
9.02 


4.66 
7.68 
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Thus,  we  investigated  the  possibility  that  HIV-infected  cells  could  activate 
autologous  PBMC,  similar  to  the  activation  seen  with  exogenously  added  Net. 
To  achieve  maximal  infection,  PBMC  were  stimulated  with  mitogen  prior  to 
infection  with  HIV.  After  5  days,  HIV-infected  cells  were  washed  and  inactivated 
with  paraformaldehyde.  Fresh  autologous  PBMC  were  cultured  in  the  presence 
of  infected  cells  and  monitored  for  proliferation.  Proliferation  was  observed  in 
co-cultures  of  fresh  and  infected  autologous  cells  (Table  X).  Uninfected 
stimulated  cells  served  as  controls,  and  no  proliferation  was  observed  in  these 
co-cultures.  Proliferative  responses  were  significantly  reduced  by  the  addition 
of  polyclonal  anti-Nef  antibodies,  while  control  anti-SEA  antibodies  were 
without  effect.  Anti-Nef  inhibition  of  proliferation  was  dose  dependent,  with 
lower  concentrations  of  antibodies  having  less  inhibitory  activity.  Similar  to  the 
results  observed  on  HIV-infected  cells,  anti-Nef  antibodies  were  capable  of 
reducing  proliferation  in  response  to  Nef,  but  not  to  SEA.  Thus,  a  significant 
portion  of  the  observed  mitogenic  activity  of  HIV-infected  cells  is  due  to  Nef 
protein. 

Discussion 

It  is  interesting  that  HIV-infected  cells  were  more  potent  at  inducing  T  cell 
proliferation  than  was  soluble  Nef.  Given  that  Nef  interacts  with  MHC  class  II 
antigens,  it  is  conceivable  that  optimal  conditions  for  Nef  association  with  MHC 
are  achieved  in  HIV-infected  cells,  analogous  to  the  expression  of  the  mouse 
mammary  tumor  virus  superantigen  in  infected  B  cells.  These  data  suggest  that 
proliferation  occurred  as  a  result  of  Nef  expressed  on  the  surface  of  HIV- 
infected  cells,  thereby  indicating  that  Nef  is  a  virally-encoded  mitogen.  Thus, 
the  genome  of  HIV  encodes  for  its  own  T  cell  mitogen,  which  would  amplify  the 
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Table  X. 

Ability  of  anti-Net  peptide  antibodies  to  block  proliferation  induced  by 
autologous  HIV-infected  cells 


Fresh  PBMC  cultured        Anti-Nef  Proliferation 
in  the  presence  of:       antibodies         CPM        Fold  increase     p  value 

(Mean  ±  SD) 


HIV-infected  PBMC               -           137187+  1923  162.2 

HIV-infected  PBMC              +           79740  ±  8764  94.3  <0.003 

+             1973±  880  2.3 
846 ±  271 
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replication  of  virus  in  the  host.  As  such,  Net  could  be  classified  as  a  virulence 
factor  for  HIV. 

It  has  been  demonstrated  that  activated  T  cells  are  required  for 
replication  of  HIV-1 .  On  the  other  hand,  the  ability  of  HIV-1  to  infect  quiescent  or 
resting  cells  is  still  questioned.  In  two  studies  using  quiescent  cells,  HIV-1 
replication  in  vitro  was  blocked  at  the  level  of  virus  entry  (Gowda  et  al.,  1989; 
Tang  and  Levy,  1990).  Others  have  shown  that  blockage  of  replication 
occurred  at  an  intracellular  event,  possibly  at  reverse  transcription  (Zack  et  al., 
1990)  or  proviral  integration  (Stevenson  et  al.,  1990;  Bukrinsky  et  al.,  1991). 
Upon  entry  into  quiescent  cells,  replication  could  be  induced  by  subsequent  T 
cell  activation.  Consistent  with  data  from  in  vitro  studies  are  reports  that  high 
numbers  of  quiescent  CD4+  cells  from  asymptomatic  HIV-infected  patients 
harbor  unintegrated  viral  DNA  capable  of  integration  subsequent  to  PHA 
stimulation.  Further,  AIDS  patients  have  increased  numbers  of  cells  containing 
integrated  virus,  corresponding  with  greater  production  of  virus  at  this  stage  of 
the  disease.  These  findings  indicate  that  HIV-1  may  infect  quiescent  cells,  but 
such  infection  is  nonproductive  until  cell  activation  occurs. 

Studies  suggest  that  Nef  plays  an  important  role  in  HIV  pathogenesis. 
Infection  of  adult  rhesus  monkey  with  a  nef-deleted  mutant  of  SIVmac239 
resulted  in  low  viral  burden  and  did  not  cause  disease,  although  infected 
animals  were  persistently  seropositive  (Daniel  et  al.,  1992).  Recently,  genomic 
analysis  of  an  HIV  strain  from  a  longterm  survivor  revealed  a  1 18  bp  deletion  in 
the  nef  gene  which  resulted  in  an  out-of-frame  shift  for  downstream  sequences 
(Kirchhoff  et  al.,  1995).  These  studies  hint  at  the  importance  of  Nef  in  HIV 
pathogenesis  in  that  repeated  attempts  to  isolate  virus  from  this  patient  with 
nonprogressive  disease  were  unsuccessful.  Mutations  in  nef  may  result  in 
altered  mitogenic  activity  of  the  protein,  with  concomitant  reduction  or  loss  of  the 
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ability  to  activate  T  cells.  Possible  consequences  of  net  mutations,  then,  would 
be  a  reduction  both  in  the  cellular  reservoir  for  virus  replication  and  in  the  viral 
load  in  the  infected  host.  Other  investigators  have  not  found  alterations  in  the 
nef  gene  in  strains  isolated  from  other  longterm  survivors  (Cao  et  al.,  1  ?95).  It 
would  be  interesting  to  determine  the  T  cell  reactivity  of  these  individuals  to  Nef, 
as  we  have  found  that  10-15%  of  individuals  that  we  tested  did  not  respond  to 
Nef.  It  is  possible  that  nonresponsiveness  to  Nef  may  play  an  important  role  in 
longterm  survival  in  some  HIV-infected  individuals.  Thus,  Nef  may  aid  in  the 
establishment  and  maintenance  of  infection,  suggesting  its  role  as  a  virulence 
factor  for  HIV. 


CHAPTER  VI 

A  MODEL  FOR  THE  ROLE  OF  NEF  IN  THE  PATHOGENESIS  OF  HIV 


As  shown  in  Chapters  ll-V,  Nef  binds  to  MHC  class  II  antigens  at  a  site(s) 
involved  in  bacterial  superantigen  binding.  Like  MMTV  superantigen,  Nef 
protein  is  encoded  in  the  3'  long  terminal  repeat  of  the  genome  of  lentiviruses 
such  as  HIV-1  and  simian  immunodeficiency  virus  (SIV).  Nef  induced 
significant  levels  of  proliferation  in  PBMC  from  a  wide  sampling  of  donors  (85- 
90%),  although  these  responses  are  lower  than  those  induced  by  SEA. 
Further,  Nef  stimulation  resulted  in  the  production  of  the  T  helper  cell  cytokines, 
IL  2  and  interferon  gamma  (IFNy).  Proliferation  in  response  to  Nef  was 
observed  in  reconstituted  cultures  consisting  of  T  cells  and  inactivated  APCs, 
which  is  compelling  evidence  for  Nef  superantigen  activity.  Further,  Nef  did  not 
induce  purified  T  cells  to  proliferate  in  the  absence  of  APCs,  which  is  consistent 
with  Nef  superantigen  activity.  However,  no  apparent  Vp  expansions  were 
found,  although  such  data  do  not  preclude  the  Vp  specificity  of  Nef  activation. 
Thus,  Nef  has  superantigen-like  characteristics  in  that  it  binds  to  class  II 
antigens,  does  not  require  processing  by  APC,  and  activates  T  cells  to 
proliferate  and  release  cytokines  such  as  IL  2  and  IFNy. 

The  functional  role  that  Nef  plays  in  the  lentiviral  pathogenesis  is 
uncertain,  although  its  importance  is  reflected  in  vaccine  studies  in  which  a  nef- 
deleted  SIV  mutant  did  not  cause  disease  and  protected  animals  upon 
challenge  with  the  pathogenic  wildtype  strain  (Daniel  et  al.  1992).  The  viral 
load  in  SIV  mutant-infected  animals  was  considerably  lower  than  in  animals 
challenged  with  wildtype  SIV.  Within  this  context,  the  ability  of  Nef  to  activate  T 
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cells  is  interesting  in  that  active  HIV  replication  requires  T  cell  activation. 
Further,  although  resting  or  quiescent  T  cells  can  be  infected,  evidence 
suggests  that  HIV  replication  only  occurs  upon  subsequent  cellular  activation. 

Net  stimulation  of  PBMC  was  sufficient  to  induce  HIV-1  replication.  Virus 
replication  in  Nef-stimulated  cultures  yielded  infectious  virus,  rather  than 
defective  particles.  Flow  cytometric  analysis  showed  that  increased 
percentages  of  cells  that  stained  for  both  CD4  and  HLA-DR  were  present  in 
Nef-stimulated  cultures.  Further,  increased  percentages  of  cells  that  stained  for 
both  CD4  and  IL  2R  were  observed  in  Nef-stimulated  cultures.  These  results 
are  consistent  with  the  production  of  T  helper  cytokines  upon  stimulation  with 
Nef.  Thus,  stimulation  of  PBMC  with  Nef  protein  induces  T  cell  activation  and 
such  activation  is  sufficient  for  HIV  replication. 

Proliferation  of  fresh  autologous  PBMC  cultured  in  the  presence  of 
infected  cells  was  observed.  Further,  proliferative  responses  were  significantly 
reduced  by  the  addition  of  polyclonal  anti-Nef  antibodies.  These  data  suggest 
that  proliferation  occurred  as  a  result  of  Nef  present  on  the  surface  of  HIV- 
infected  cells,  thereby  indicating  that  Nef  may  be  a  virally-encoded  mitogen. 

Nef  has  been  shown  to  induce  differentiation  of  human  B  cells  to 
immunoglobulin  secreting  cells  (Chirmule  et  al.,  1994).  Monoclonal  antibodies 
to  HLA-DR  and  adhesion  molecules  abrogated  Nef-induced  differentiation.  B 
cell  stimulation  required  T  cells  and  monocytes,  the  latter  producing  IL  6  upon 
Nef  stimulation.  Interestingly,  staphylococcal  superantigens  have  been  shown 
to  induce  B  cell  differentiation  analogous  to  that  described  for  Nef  (Stohl  et  al., 
1994).  Thus,  Nef  can  stimulate  both  T  and  B  cells  in  a  manner  similar  to  the 
staphylococcal  enterotoxin  superantigens. 

This  leads  to  the  question  of  the  activation  event(s)  that  occurs  during 
HIV-1  exposure  and  that  ultimately  lead  to  the  establishment  of  infection.  Our 
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results  suggest  a  model  in  which  Nef  acts  as  a  HIV-encoded  T  cell  mitogen 
(Figure  18).  Nef  may  interact  with  T  cells  either  as  an  integral  part  of  the 
membranes  of  infected  T  cells  or  in  a  soluble  form  released  as  the  result  of  lysis 
of  infected  cells.  Nef  is  present  on  the  membranes  of  infected  T  cells  (Fujii  et 
al.,  1993),  which  is  consistent  with  this  model.  Nef  expression  may  occur  in  the 
context  of  the  T  cell  activation  marker,  HLA-DR,  and  the  Nef/HLA-DR  complex 
would  stimulate  uninfected  T  cells,  as  well  as  B  cells.  Such  stimulation  would 
allow  for  the  expansion  of  a  cellular  reservoir  for  replication  of  the  virus, 
eventually  leading  to  T  cell  anergy  and/or  apoptosis.  B  cell  activation  and 
differentiation  could  ultimately  lead  to  hypergammaglobulinemia.  Thus,  the  HIV 
genome  may  encode  for  its  own  T  cell  mitogen,  which  would  induce  the 
amplification  of  virus  replication  in  the  host,  with  ultimate  deleterious  effects  on 
the  immune  system.  As  such,  Nef  could  be  classified  as  a  virulence  factor  for 
HIV. 
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Figure  18.  Model  for  the  role  of  Nef  in  the  pathogenesis  of  HIV.  Activation  of 
uninfected  T  cells  occurs  by  Nef  interaction  in  either  of  two  forms:  as  soluble 
Nef  released  from  lysed  cells,  presented  in  the  context  of  MHC  class  II  antigens 
on  APC,  or  as  an  integral  part  of  the  membranes  of  infected  T  cells,  complexed 
to  HLA-DR.  Binding  to  uninfected  T  cells  may  occur  via  TCR  or  CD4.  T  cell 
activation  results  in  proliferation  and  release  of  cytokines  such  as  IFNy  and  IL  2, 
thereby  creating  a  cellular  reservoir  for  virus  and  increasing  viral  load  in  the 
host.  T  cell  activation  results  in  depletion  of  T  cells  via  virus  production,  anergy 
and/or  apoptosis.  B  cell  differentiation,  possibly  mediated  by  T  cell  cytokine 
release,  results  in  hypergammaglobulinemia.  Autoimmune-like  sequelae  may 
result  from  B  cell  differentiation  into  Ig-secreting  cells,  and  activation  of  T  cells. 
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